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AlJSTHACT

After defining the state of knowledge and reviewing national inventories, the author looks

at the reasons whieh led him to study Mediterranean and Saharan Africa and to detail their

biogeographical significance.

For Mediterranean and Saharan Africa, the generic and specific richness, the richness of

endemics, and the entire biogeographical range are first analyzed at the family level. In the

second part, the various biogeographical elements which play a part in the formation of the

floras at the generic and specific levels are defined; several examples are provided respectively

for the Mesogean (Mediterranean, Saharo-Arabian and Irano-Turanian) and tropical elements,

A third part is devoted to endemism: first generic and specific endemism, then the biogeo-

graphical significance of the endemic taxa. It appears that the flora of Mediterranean Africa

is about three times richer than that of Saharan Africa and that endemism there is two times

greater. Whereas the flora of Mediterranean Africa is for the most part made up of Mediter-

ranean taxa, in Saharan Africa there is a nearly equal distribution of Mediterranean, Saharo-

Arabian, and tropical elements. These characteristics are related to the hostile ecological con-

ditions which govern the Saliara now, but also reflect the climatic disturbances which took

place during the Pleistocene. A special chapter is devoted to a discussion of the historical

interpretation of the flora of Mediterranean and Saharan Africa, taking into account the new
data provided by paleoclimatology and paleobotany. It is concluded that the Mediterranean

flora is relati\'ely old and goes back at least as far as tlie middle Miocene, whereas the present

Saharan flora is a reflection of intense chmatic changes which have severely affected this

region since the Pliocene. In each of these cases emphasis has been placed on the role elements

of African origin played in the de\'elopment of the present flora.

I

—

Introduction

A little more than the nortliern quarter of the African continent escapes trop-

ical floristic influences. This rather heterogeneous unit poses many problems of

biogeographical and historical interpretation, but is nevertheless rather well

known from the point of view of floristic composition.

The territory covered by this study includes the whole of Mediterranean

Africa, but also the Sahara down to its southern limits, some close approximations

of which will be defined below.

It seemed more meaningful and realistic to aliandon the artificial framework

of political boundaries for the infinitely more realistic one of biogeographical

units.

L 1 THE LEVEL OFKNOWLEDGE

In the Maghreb the present state of floristic knowledge of vascular plants,

which alone are discussed in this work, can be considered satisfactory such as

was stated in the recent symposium of the Centre National de la Recherche

Scientifiquc devoted to the flora of the Mediterranean basin held in Montpellicr,
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1974. Without going into detail, it should be remembered that the state of our

knowledge is being published in the Flore dc tAfrique dii Nord by R. Maire ( 1952-

1976), and that 14 volumes of it have already appeared. Various eatalogs and

regional floras also reflect floristic knowledge relating to tlie countries of the

Maghreb. For example Jahandiez & Maire (1931-1934), Emberger & Maire

(1941), Sauvage & Vindt (1952, 1954) for Morocco, Quezel & Santa (1962-1963)

for Algeria, Cuenod (1954) for Tunisia, and Ozenda (1958) for western and

central Saliara.

In Libya and in Egypt valuable data are also available (Boulos, 1975) Ironi

several publications, in particular for Libya those of Durand & Baratte (1910)

and of Pampanini (1931), and for Egypt those of Tackholm (1956, 1974).

On the other hand, for the countries situated further south in the Saliaran

region, data are much sparser, and one is often ol)ligated to consult partial in-

ventories. The list of these (Quezel, 1965) has not undergone significant modifi-

cation since Quezel (1965), with the exception of the work by Scholz (1966,

1974) and Scholz & Gabriel (1973).

I. 2 NATIONAL INVFNTOIUES

This approach, although not very significant, deserves nevertheless to be con-

sidered because it furnislies a preliminary idea of the floristic richness of Northern

Africa.

For the countries of the Maghreb, Sauvage (1975) estimates tliat Morocco

has approximately 3,700 species distributed among 920 genera and 124 families.

For Algeria and Tunisia (Quezel & Bounaga, 1975), there are about 3,300 spe-

cies (about 3,100 for Algeria and 2,100 for Tunisia, Le Ilouerou, 1975) 980 genera

and 130 families. As for Libya (Boulos, 1975), it has approximately 1,600 sp(*cies

and Egypt somewhat more than 2,000 (including Sinai ).-

In contrast, it is difficult to state exactly the floristic richness of the coimtries

of the Sahel, a part of which territory is to be considered here. Saliaran Mauritania

and the former Spanish Sahara have a flora which can reasonably be estimated

(Guinea, 1949; Monod, 1938, 1939, 1952; Murat, 1944; Sauvage, 1946, 1949;

Naegele, 1958) at about 600 species. The figures are even smaller for Saliaran

Mali and Niger (pr()bal)ly less than 250 species). Northern Chad, however, due

to the relative ricliness of Til)esti (Maire & Monod, 1950; Quezel^ 1958) has

at least 550 species. Saharan Sudan was not included in this work, but besides

tlie mountains adjacent to the Red Sea, which represent a very special case, the

real Saharan zone of this country probably has no more than 200 species.

L 3 THE LIMITS OF Tllhl ZONE STUDIED

Even though nearly all biogeographers who have worked in northern Africa

agree on a general interpretation of the major limits (Monod, 1957; Quezel,

1965; Barry et ah, 1976), a certain number of problems deserve, nevertheless,

to be stated and discussed. One point that is particularly important is to trace

"The Sinai Peninsula, being situated g(H)graphieal]y in Asia, will not be considered here.
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tlic limits between the Holarctic Floristic Kingdom and the Paleotropical Floris

tic Kingdom.

It should be remembered that the Holarctic Kingdom in northern Africa is

represented by two floristic regions: the Mediterranean Region and the Saharo-

Sindian, or better, Saharo-Arabian (sensu Zohary, 1973) Region. The existence

of vestiges or Irano-Tnranian relicts, discussed especially by Zohary ( 1962), seems

difficult to accept for bioclimatic, floristic, or dynamic reasons. Actually, these

regions have numerous common characteristics, and biogeograpliers are more

and more tempted to put them under one subkingdom which may most ap-

propriately be called the *'Mesogean." This viewpoint, already suggested by

Ganssen (1954) and accepted from the standpoint of bioclimates by Emberger

(1945), Daget (1977), and Nahal (in particular 1976), underlies the narrow

genetic and historical affinities that exist in the entire domain of the old Tertiary

Mesogean (Tethys).

Re that as it may, and without going into discussions which go well beyond

tlie limits of this study, and without establishing limits too strictly, it is possible

and practical to accept the isohyet of 100 mm(Capot-Rey, 1953; Quezel, 1965)

to limit the southern extension of the Mediterranean Region.

It is evident that this arbitrary boundary corresponds well to ecological and

biogeographical realities, in spite of many exceptions, and also in spite of the

opinion of Emberger (1945) and, more recently, Barry et al (1976) who tend

to move the boundary of the Mediterranean Region to the south, essentially

for bioclimatic reasons for the first author (annual rainfall pattern still of a

Mediterranean type) or genetic reasons for the second authors (flora still ricl

in Mediterranean elements). I would prefer to call it ''Mesogean.

One must recognize, however, that the problem of the boundaries between

the Saharo-Arabian Region and the Sudano-Angolan Region, and in fact between

the Holarctic and Paleotropical Kingdoms (Monod, 1957) is much more diffi-

cult to resolve. Indeed, as 1 have shown (Quezel, 1965), whereas a large portion

of the Sahara belongs, for the most part, to the Saharo-Arabian Region, toward

the south the question becomes complicated by the extension, or even predom-

inance, of the elements of tropical origin (without forgetting resi

ranean taxa, particularly on high Saharan mountains). These characteristics are

basically connected to the large climatic fluctuations that took place in the Sahara

1

?y

M

Q
Quezel, 1956, 1957; Quezel & M

tinez, 1961), and brought with them vast floristic mixing. The effects of these

changes are still being felt. Its interpretation could scarcely be established at

anything other than the level of a precise analysis of present ecological factors.

These difficulties led us to define as "regional complexes"^ areas where Saharan,

tropical, or even Mediterranean floristic elements coexist in more or less equal

numbers.

It is certainly appropriate to keep the flora of the zonal complexes, "Mediter-

One hears today the term "zonal complexes " a term wliose biogeograpliical value is less

precise.
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rancan-Saharo-Arabian-Sudano- Angolan" (high Saharan mountains) and Saharo-

Arabian-Sudano-Angolan (western, central and eastern Sahara) in the frame-

work of this study. However, the case of the southern Saharan fringe (southern

Sahara) can be disputed. That zone is characterized by a very poor flora, it is

true, but one of essentially African origin which permits its integration into a

particular subregion ( Saharo-Af rican Subregion). This subregion is included

in our study since in physiognomy it much resembles a Saharan country, because

its exact boundaries to the north are extremely difficult to state exactly, and be-

cause on tlie floristic level, it actually only has a very small numl^cr of species,

probably less than 50.

The southern boundary established in tliis study (with the exceptions noted

above) is therefore the physiognomically southern boundaiy of the Sahara, a

boundary which is made real by the appearance of an ephemeral, but nearly

continuous plant cover which corresponds noticeably to the 150 mmisohyet

(Capot-Rey, 1953; Quezel, 1965).

These biogeographic interpretations liave been schematically indicated in

Table 1 and Fig. 1.

I. 4 SOMErnOBLEMS RELATIXG TO FLORISTIC ANALYSIS

If the floristic inventory of northern Africa can be considered, as we have

seen, practically completed, certain problems, nevertlieless deserve attention.

Indeed, at the outset, from the point of view of nomenclature the study of the

flora of North Africa or of the Sahara has not followed that of the European flora,

for example, and one has generally stayed with Maire's concepts which, in many
cases, are in need of revision. Since this work is currently in progress, it has

been difficult to consider it here, except in some classical cases. Nor is that our

purpose here.

As in all attempts at synthesis, the results obtained can vary with different

conditions, especially according to the species concept. Our point of view is

perhaps too narrow, but we have hesitated to accept a certain number of still

debatable positions concerning certain critical genera. The case of the genus

Rupicapnos is probably the most obvious. Pugsley (1917) recognized some 30

species of it in North Africa, nearly one per locality. The arguments and the

criticisms of this author remain debatable, in particular if one studies the question

at the population level and not by herbarium specimens, and following Maire

(1952-1976) only three species are kept in this genus.

Certain critical genera are also very poorly known, in particular in the

Maghreb. For example, it is evident that the 10 species kept in the genus RuhuSy

the 12 in Rosa, or the dozen in Ilieracium or Crepis are, from all evidence, very

much below what is actually there.

Likewise, a precise taxonomic analysis will certainly lead to a revision of our

position on the value of a certain number of genera and species, whether they

might be synonymized specifically with certain taxa of the Near East, or

whether entities currently considered homogeneous might be separated.
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Figure L Pliytogcngraphical subdivisions of Mediti'iranc^an Africa and Saliuran Africa.

—1. Mcditcrrancan-Nortliern African Domain. —2. Stcppic-Nortlicrn African Domain. —3.

Cyrenian-Mt'diterrancan Domain. —4. Stcppic-Eastcrn African Domain. —5. Nortliwcstcrn-

Saharan Domain. —6. Northern Saharan Domain. —7. Oceanic Saharan Domain. —8. North-

eastern Saharan Domain. —9. Saharan-IIigh Mountain Domain. —10. Central Saharan Domain.

—11. Eastern Saharan Domain. —12. Western Saharan Domain. —13. Southern Saharan Do-

main. —14. Northern Sahehan Domain.

In view of this, tlie figures provided below ean only be considered to be esti-

mates. They are, however, significant because, despite these reservations, tlie

fact remains that tlie Mediterranean African and Saharan floras are the best

known and most studied on the African continent.

Therefore we shall study below and successively the floras of Mediterranean

and Saharan Africa. This plan will obviously lead to the appearance of a certain

num1)er of species in the two chapters; in fact, this number is not very high and

docs not exceed 200. Likewise, some tropical species present in the southern

Sahara especially will reappear in the statistics for tropical Africa. Here again

the number of these species is iiot very large and prol)ably even less than the

nmnber referred to above.

Finally let us note that a certain number of difficulties appeared during

the establishment of the biogeographical spectrum. It is basically the problem

presented by "connecting" (Eig, 1931) species of two or more regions. Without

extending their interpretation too far, they have generally been partially counted

at the level of biogeographical groups (0.5 and 0.5, for example, for a connecting

Saharan-tropical species). Wehave, however, avoided showing decimals in the

summary tables, decimals which woidd have given an unwarranted impression

of precision. Also we have not taken into account the species obviously ad^'entive

or introduced by man, and whose naturalization cannot be established.

II.

—

Mediteiu^anean Afhica

Mediterranean Africa includes mainly the three countries of the Maghreb to
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the north of the southern edge of the Bani and the Saharan Atlas, as well as the

Libyan coastline (including the Djebel Ncfoussa in Tripolitainc and Akhbar in

Cyrenai'que), and the Egyptian coastline, covering an area on the order of

900,000 km-.

The countries of the Maghreb, which represent about 800,000 km'- of the

total, constitute far and away the most remarkable unit, the richest from the

floristic point of view, and one in which historical and geomorphological factors

have allowed the development of the greatest number of endemics. The eastern

unit (Libya and Egypt) is infinitely poorer and less diversified, but still presents

several problems which will be examined later on.

IL 1 THE FAMILIES

ILl.l

—

Generic and Specific Richness (Table 3)

In Mediterranean Africa, 130 families of phanerogams and 18 families of

vascular cryptogams are represented.

Their generic representation is quite variable, and only 2 families have more

than 100 genera (Gramineae 114, Compositac 106), 2 have more than 50

(Cruciferae 84, LTmbelliferae 61), 5 more than 20 (Leguminosae 49, Labiatae 34,

Caryophyllaceac 32, Boraginaccae 26, Liliaceae 24), and 6 more than 10

( Chenopodiaceae 19, Rosaceae 19, Scrophulariaceae 18, Orchidaceae 13, Ra-

nunculaceae 13, Papaveraceae 11); the Filicales contain 15 genera. Fourteen

families have from 6 to 10 genera, 52 ha\'e 2 to 5, and 55 have only one.

From the standpoint of richness of species only 8 families exceed 100 species:

Compositae 563, Leguminosae 432, Gramineae 338, Caryopliyllaceae 227, Labi-

atae 222, Cruciferae 215, Scrophulariaceae 145, and Liliaceae 113. Ten families

have between 99 and 50 species: Boraginaceae 86, Cyperaceae 80, Ranunculaccae

64, Eui^horbiaceae 62, Cistaceae and Rosaceae 60, Chenopodiaceae 58, Orchida-

ceae 54, Papaveraceae 52, and Rubiaceae 50. Fifteen families have 49 to 20 species:

Geraniaceae 47, Pluml^aginaceae 46, Crassulaceae 43, Orobanchaceae 40, Cam-
panulaceae 37, Polygonaceae 36, Iridaceae and Malvaceae 32, Convolvulaceae

Juncaceae 29, Valerianaceae 26, Resedaceae 25, Dipsacaceae 24 o
ceac 23, and Amaryllidaceae 20. Altogether the Filicales contain 37 species.

Fifteen families possess 19 to 10 species; Linaceae, Saxifragaceae and Solanaceae

18, Thymelaeaceae 17, Gentianaceae and Primulaceae 16, Onagraceae 14^ Pota-

mogetonaceae 12, Aizoaceae, Amaranthaceae, Asclepiadaceae and Caprifoliaceae

11, Salicaceae, Violaceae and Zygophyllaceae 10.

Without carrying this analysis further, it is appropriate to point out that

10 famihes are represented by 4 species, 11 by 3, 18 by 2 and 28 are monospecific

in Mediterranean Africa.

IL1.2

—

Biogeographical Significance at the Famihj Level

Without entering further into an exact analysis, and without considering the

biogeographical value of the endemics, it is nevertheless worthwhile to point
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out that in Mediterranean Africa, tlic great majority of families is essentially made

up of species linked to the Mediterranean element. However, several exceptions

should be noted.

Thus the major element is no longer Mediterranean but "northern" in the

following families of several species: Aceraceae, Alismataceae, Betulaceae, Calli-

triehaceae, Ceratophyllaccae, Cyi^eraceae, Elatinaeeae, Grossulariaceac^, Halor-

ragidaeeae, Ilydrocharitaceae, Jimcaceae, Juncaginaceae, Lemnaceae, Lentibu-

lariaceae, Loranthaceae, Nymphaeaeeae, Onagraceae, Orchidaecae, Primulac(\ie,

Ranunculaceae, Rosaccae, Salicaceae, and Sambucaceae. The same is true lor the

following monospecific families: Adoxaceae, Aquiioliaceae, Araliaceae, Bu-

tomaceae, Dioscoreaceae, Illecebraeeac, Juglandaceae, Menyanthaceae, Mono-

tropaceae, Najadaceae, Parnassiaceae, Sparganiaceae, and Taxaceac. The majority

of tlu se families is essentially composed of aquatic or largely hygrophilous taxa

which escape climatic influences, or have only a small number of species, which

creates a deceptive statistical interpretation. The Rosaceae, Ranunculaceae, Orchi-

daceae, and Primulaceae deserve mention; these relatively important families are

in fact the only fainilies in Mediterranean Africa that have a predominance of ele-

ments of northern stock.

Also mentioned should be families in which the majority of the species are

related to cosmopolitan or more or less ubiquitous lines: Aizoaceae, Amaran-

thaceae, Ilydrocharitaceae (alrt^ady cited above), Najadaceae, Nyetaginaceae,

Onagraceae, Oxalidaceae, Polygonaceae, Portulacaceae, Potamogetonaceae, Ty-

phaceae, Trappaceae, Vcrbcnaccae, and Zosteraceae. Here again mainly aquatic

or even clearly anthropophilous (?) families predominate; the Aizoaceae and the

Nyetaginaceae have, however, tropical affinitit^s.

11.1.3

—

Endemic Riclincss at the Family Level

Endemic richness is quite variable. If limited to a strict inventory, the figures

are the following; more than 100 endenu'e species: Compositae 231, Leguminosae

105; more than 50 endemic species: Labiatae 99, Caryophyllaceac 75, Cruciferae

72, Umbclliferae 53, Scrophulariaceae 50; more than 20: Gramineae 42, Liliaceae

25, Boraginaceae 23; more than 10: Geraniaceae and Plumbaginaceae 17, Cam-

panulaceae 16, Crassulaceae and Enj^horbiaeeae 13, Cistaceae, Papa\eraceae

and Resedaceae 11, Ranunculaceae 10; more than 5: Iridaceae and Oroban-

chaeeae 9, Chenopodiaceae, Convolvulaceae and Rubiaceae 8, Dipsacaceae,

Linaceae and Saxifragaceae 7, Malvaceae and Rosaceae 6, Orchidaceae and

Polygonaceae 5; with 4 endemic species: Amaryllidaceae, Plantaginaeeac, Thy-

m(*laeaceae, Valerianaceae and Violaceae; with 3 endemic species: Gentianaceae,

Onagraceae, Polygalaceae, and Zygophyllaceae; with 2 endemic species:

Aizoaceae, Asclepiadaceae, Ilyperieaceae, Primulaceae, Santalaceae, and Selagi-

naceae. Einally the following families are represented by only one endemic

sx^ecies: Anaeardiaceae, Araceae, Berberidaceae, Capparaceae, Caprifoliaceae,

Commelinaceae, Fagaceae, Frankeniaceae, Juncaceae, Najadaceae, Pinaeeae,

Rutaceae, Sapotaceae, and Solanaceae.

Sixty-nine families have no endemic species in Mediterranean Africa. Among
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Tahle 2. Distribution of the total number of species in Mediterranean Africa into its

biogeographical subdivisions.

Subdivision Number Percentage ( %

)

Total genera

Total species

Endemics
North African

Ibero-Mauritaniau

Macaronesian
Western Mediterranean

r

Eastern Mt'diterranean

Mediterranean

Irano-Turaiiian

Saharo-Sindian

Atlantic

European and Eurasian

Paleotempeiate

Circumboreal

Tropical

Cosmopolitan or other

distribution

916
4034
1038

78
408

27
321

J 60

873
33

122

63

528
73
40

56

25.7

1.9

10.1

0.5

7.9

3.9

21.6

0.8

3.0

1.5

13.1

1.8

0.9

1.3

214 5.3

these, only 5 are represented by more than 10 species. They are the following:

Cyperaceae 80, Potamogctonaceae 12, Amaranthaceae 11, and Salieaceae

and Tamarieaceae 10.

II. 1.4

—

TJw Glohdl Biogeographical Spectrum

For the entire flora of Mediterranean Africa, maintaining the accepted

biogeographical subdivisions, the percentages are given in Table 2.

II.2 —THE PRIXCU'AL BIOGEOGRAPHICALELEMENTS

We

II. 2.1

—

Mediterranean Taxa

11. 2. 1.1

—

Ibero-Mauritanian Taxa. —Ibero-Manritanian taxa represent about

I07o of the Mediterranean African flora, and naturally are found principally in

the Maghreb. Regrouped under this heading are the following (Quezel, 1957)

elements: Ibero-Mauritanian, in the strict sense, Betico-Atlas and Pyrenees-

Atlas. Differentiation of these three groups is not always easy, but schematically

they certainly correspond to different groups.

The Ibero-Mauritanian group is present in more than half of the families;

however, it plays a particularly important role in the following families, where

it represents percentages greater than 10:^ Liliaceae: Braxireon*; Amaryllidaceae:

Leiicojuin, Lapiedra*, Narcissus; Boraginaccae: Ecliium; Campanulaccac: Cam-

panula, Jasione; Caryophyllaceae: Arenaria, Minuartia, Silene; Cistaceae: Cistus,

Ilelianthemum, Ilalimium; Compositae: Senecio, Centaurea, Andryala, Carduus,

* The Ibero-Mauritanian genera are followed by an asterisk.
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Proloiv^oa'^, Otospermuni^, Daveaua^, Glossopappus'^; Crassulaceac: Seclum\

Cruciferae: Diplotaxis, Ahjssum, Matthioh; Ericaceae; Euphorbiaceae: Euphor-

bia; Gramincae; Iridaceae: Iris, Romulea, Labiatac: Teucrium, Thymus; Le-

guniiiiosae: Retanui, Stauracanthus, Erinacea^^ Ulex, Cytisus^ Genista^ Ononis,

Anthyllis; Malvaceae; Orobanchaceae; Pluinbaginaceae; Rosaceae; Rul)iaceae;

Saxifragaccae; Solanaceac: Tri^^uera"^; Saxifragaceae; Scrophulaiiaceae: Linaria,

Odontites; Thymelaeaccae; Umbclliferae: Eryngium, Ammiopsis"^, BracJiyapium,

BupJcuruni; Valerianaceae; Papavcraceae: Sarcocapnos'^, Rupicapnos'^ , Platy-

capnos, Ceratocapnos.

Here are some particularly significant examples at tlie species level:

Betico-Rifaines species: Abies piasapo, Drosophyllum lusitanicum, Eryngiuni

glariale.

Betico-Atlas species: Anthyllis warnieri, Arenariu pungens, AndryaJa aghardii,

Scdum melanantherum, Pseudocytisus integr if alius, Poteriuni ancistr aides.

Pyrenees-Atlas species: PotentiUa alchimilloides, Matthioh perennis, Valeri-

ana gl oh ulariae folia, Saxifraga langifalia, Lonieera pyrenaica.

IL2.1.2

—

Macaronesian Taxa, —In Mediterranean Africa, Macaronesian taxa

are mainly found on the Atlantic coast of Morocco, especially in the Sous valley.

They represent (without counting the endemics of Macaronesian stock) less than

30 species. Especially important are the following: Davallia canariensis. Aspara-

gus pastorianus, Traganum moquini, Chenolea tomentosa. Euphorbia balsamifera,

E. ohtusifolia, Ilelianthemum canariense, Pohjcarpaea nivaea, Drusa oppositifolia,

Astydanna latifalia, Zygophyllum fontanesii, Ilyperieuni coadunatum, Rhus al-

bida, Lithospermum micraspermuni, Carrahuna buehardii, Phagnalon ealyeinuni,

Asteriseus adorns, Andryala canariensis, and SoneJius pinnatifidus.

II.2.L3

—

We^.tern Mediterranean Taxa. —Slightly less numerous than the Ibero-

Mauritanian (321), the Western Mediterranean taxa still represent approximately

8% of the entire flora. Actually, also included here are a certain number of

Centro-Mediterranean or even Tyrrhenian elements, which arc not very abundant

and from which it is appropriate to cite in particular: Silene sedaides. Rasa sera-

fini, Vieia barbazitae, Sideritis romana, Staehys nuirrubiifoUa, and also the genus

Tetragonolobus.

The Western Mediterranean taxa are especially frequent in the following fam-

ilies: Boraginaceae 6, Caryophyllaceae 20, Cistaceae 11, Compositae 52, Crucif-

erae 12, Euphorbiaceae 9, Gramineae 21, Labiatae 19, Leguminosae 43, Liliaceae

15, Scrophulariaceae 11, and Umbelliferae 12.

Among the genera esi^ecially representative of this biogeographical subdi-

vision are: Chamaerops, Ampelodesmos, AveUinia, Wangenheinua, Aphyllanthes,

lonopsidiurn, Suceowia, Salenanthus,

11.2.1.4

—

'Northern Mediterranean Orophilous Taxa. —Some species, in general

largely present on the mountains of the northern Mediterranean slope from which

they spread northward, strangely appear in North Africa only on numidic moun-

tains. Such is the case for Juniperus sabina, Alopeeurus gerardii, Anthyllis man-

tana, Seabiosa crenata. Daphne alcaides, Seduni majellense, Saponaria depressa.

Euphorbia luteala. Campanula trichocalycina, Robertia taraxacioides. Their
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placement is prol)ably more recent than that of the oro-endemics of the Atlas,

and their migration by the Sicilian-Tnnisian bridge in the Pleistocene is likely.

11.2.1.5

—

Eastern Mediterranean Taxa, —Eastern Mediterranean taxa include

160 species representing about 4% of the flora. Of course the eastern Mediterra-

nean element is especially prominent in Libya and in Egypt where it is represented

by such genera as Sarcopoterium and Thymhra, but especially by annual species

belonging to the genera Silene, Erysimum, Trifolium, Trigonella, and Verbascum.

11.2.1.6

—

Circum-MecJiterranean Taxa. —Circum-Mediterranean taxa represent

the largest group (after the endemics) with 873 species and nearly 22% of the

entire flora. It is unnecessary to dwell on this group, which correlates almost

exactly with the entire flora from the point of view of family and generic repre-

sentation.

However, a group of species should be pointed out which is included here,

but which in fact show an element of the Mesogean type. Their distribution

area stretches from the Atlantic to the western Himalaya. Among these species,

most belong to orophilous lines. Their distribution resembles that of the genus

Cedrus (Fig. 2). In particular may be noted: Fraxinus xanthoxyloides, Pruntis

prostrata^ Cotoneaster numniularia, and SciiteUaria orientalis (Quezel, 1957;

Mcusel, 1971).

Because of the age of their disjunction, these species are polymorphic. Indeed,

this type of distribution is found especially in the endemo-vicariants series (cf.

below).

11.2,2

—

The Irano-Turanian Taxa

There are hardly more than 30 Irano-Turanian taxa (without counting the

endemics which belong to this biogeographical subdivision). This weak repre-

sentation certainly confirms the absence of this region in North Africa and

especially on the high plateaus of the Maglireb. It is nevertheless interesting

to note that it is the Chenopodiaceae which have the greatest number of species

belonging to this element. In particular may be noted: Kochia prostrata, Anabasis

aphylla, Noaea mticronata, Salsola paJetzkiana.

II.2.3

—

Sahara- Arabian Taxa

A little more than 120 species (370 ^^ the flora represent the Saharo-Arabian

element in Mediterranean Africa. These species are not particularly interesting

biogeographically. They nearly always represent southern infiltrations into the

most arid part of the Mediterranean region of Hodna in Algeria and into the

middle valley of the Moulouya in Morocco.

11.2.4

—

Taxa of Northern Origin

Among the Northern taxa are included the Atlantic (63, 1.57^), European

and Eurasian (528, 13.1%), Paleotemperate (74, 1.87^), and Circumboreal (40,

1%) taxa. Without going into detail, the predominance of European and Eur-

asian taxa may be noted. These make up a large contingent which is commonly
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Cedrui 'I'utti-d.'edJ.

Fnnmui junfhojtyhides

Cerdsui prostrdtd and

C.brachypotala ft Turheylrdnj.

" "Me!iogt*n"spedei ofBerbcns

B hispamca(l) B aetnensis (2) Bcnshc^

and d libanotica (5), B sristata f4J_

FiGUiiE 2. Distribution of circum-McditcMiunoan taxa.

found in the wettest zones of the North African tells, particularly at the edge

of water and in forest associations. Among tlie most noteworthy genera are:

Cyperiis, Scirpus, Jtmcus, Salix, Ranunctihis, Papaver, Funuiria, Sedwn, Polen-

tilla. Geranium, Acer, Anthriscus, Oenanthe, Caucalis, and Veronica.

A certain number of oropliilic species also belong to this group; the most repre-

sentative are (without counting the phenomenon of microendemism) : Calama-

<^rostis argcntea, Agrostis alpina, Avena montana, Bhjsmus compressns, A(iuile<:^ia

vulgaris, Aconituni hjcoctomum, Draha tomentosa, Rhamnus puniilla, Meiim

atJiamanticum, Androsace villosa, Gcntiana verna, Euphrasia minima, Galium

pumilum, and Asperula odorata.

The circumboreal element, although weakly present, also appears mostly on

high mountains, the Atlas in particular, and, by its presence, poses interesting

historical problems. As I have shown (Quezel, 1957), this element generally

represents the vestiges of a flora which came into North Africa at the glacial

periods and which arrived almost exclusively by way of the Iberian Peninsula,

perhaps bird dispersal playing a small role. Among the most noteworthy repre-

sentatives are: Botnjchiwn lunaria, Dryopteris lorichitis, Nardus stricta, Polyg-

onum historta, Carcx capillaris, Luztda spicafa, Luzula multiflora, Cerastium

cerastioides, Sagimi saginoidcs, Viola palustris, Gentiana tenclla, and Parnassia

palustris.

The Atlantic element is especially well represented in Morocco, but it is also

found along tlie Algero-Tunisian coast. Among the most notable types are the

genera: Chaeturus, Airopsis, Antinoria, Perihallia, Gratiola, Illecebrum, and

Querciis pyrenaica.

II. 2.5

—

Taxa of Tropical Origin

It is approi^riate to expand somewhat on the tropical taxa, particularly within

the framework of a total floristic and biogeographical interpretation of the

African continent.

According to the figures, they represent a small group in Mediterranean
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Africa (excluding the Nile Delta) with about 55 species and 1.3% of the flora.

Without considering here the problem of Mediterranean endemics of tropical

origin, a study of Table 3 shows immediately that two families alone contain more

than half of these species: the Gramineae (24) and the Cyperaceae (8). In

fact, an even higher number could be envisaged if one takes into account many of

them which are connecting (?) Sudano- Angolan-Mediterranean species.

Among the latter, many correspond to hygrophytcs, or even hydrophytes,

whose presence in Mediterranean Africa can be linked to transport by migratory

birds (at least for some of them). There are in particular, and mainly for the

marshes of the Moroccan or Calle coast, several representatives of the genera

Cyperus ( C, michelianus, C. pohjstachijos, C. corijmhosus), Firnhristylis ( F.

squarrosa, F. dichotoma), as well as Rhynchospora alha, Fuirerui puhescens,

Polygonum senegaJense, Typha elephantina, Oldenhndia capensis, Laurenhergia

tetrandra, Glinus lotoides, and AltcniantJwra mssilis.

Numerous annuals linked to cultivation and without great biogeographical

interest can also be noted here; they belong principally to the genera: Sorghum,

Digitaria, Brachiaria, Paspahim, Paspcdidium, Echinochloa, Panicum, Eragrostis,

Dactyloctenium^ and Achyranthes aspera.

Indeed, the most remarkable group is made up of species generally present

both in the tropical dry zone and in the Mediterranean region where they are

often abundant. They pose an interesting biogeographical problem. The Gramin-

eae and, in particular the Andropogoneae, play a major role here. Most of these

probably arrived in the Mediterranean region during the Quaternary pluvial

periods. Tlieir path of migration followed the mountain chains adjacent to

the Red Sea, but also the high Saharan mountains, and even the Atlantic coast.

Among the most noteworthy are (cf. Fig. 3): Chrysopogon aucheri, Andropogon

disfachyus, Uyparrhenia hirta, Heteropogon contortus, TJiemeda triandra, Trich-

olaena teneriffae, CencJinis cUiaris, Pennisetum setaceum, Eniieapogon scaher,

Oropetium africanum (Gillet & Quezel, 1959), Dichanthium anmdatum, as well

as on the Moroccan coast, Enteropogon rupestris\

II. 3 ENDEMISMIN MEDITERRANEANAFRICA

Successively we shall look at generic and specific endemism and then try to

define the biogeographical significance of endemism in the flora of Mediterranean

Africa.

II. 3.1

—

Generic Endemism

In spite of several taxonomic uncertainties, it is clear that generic endemism

is relatively important in Mediterranean Africa, and especially in the Maghreb.

In fact 3S genera can be put into this category, although some, which are present

in the Mediterranean region, are more widely represented in the Saharan region,

and will be studied later on. These are principally the genera Oudneya, Eremo-

phyton, Perralderia, Wianterium^ Warionia, and Tourneuxia.

Among the remaining 32 genera: 12 belong to the Crucifcrae: Trachystoma,
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Figure 3. Distribution of Ilyparrheuia hirta (vertical lines) and Andropogon distachyus

(horizontal lines).

Raffemddia, Hemicramlye, CordyJocarpm, Fezia, Kremcriella, Muricaria, Cram-

hella, Otocarpiis, Ceratocnemum, RJnjtidocarpus, and Psydnne; 4 to the Com-

positac: Fontquera, Anvilleina, Lifago, and Mecomiscus; 3 to the Umbelliferae:

Sclerosiadium, Pachyctenium, and Bcdansaea; 4 to the Leginninosae: Hesp

Inhurnnm Ar^ttrncntisus. Lt/auteua. and Bene diet ella: 2 to the Gramineae: Li-

hyella and Agropyropsis\ to the Labiateae: Saeeocahjx and Pitardia; and to the

Chenopodiaceae: Oreohliton and Traganopsis. Finally there is an endemie

genus in the following families: Liliaeeae {Battandiera), Aniaryllidaceae {Han-

nonia), Sapotaceae {Argania), and Campanulaceae (Feeria).
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lemicrambe —' Cerdtocnemon

Otocsrpus

n

Rhytidocarpui

Kremenella

Crambe Ha

Trachystoma

Cordyloc3rp(iS

Rtjffenaldtd

FiCiUiit; 4. Distril)uti()n of eiulcMuic gencm of Ciuciierac in Mediterranean North Africa.

Psijchinc occurs nearly throughout ^hHliterranean Xortli Africa.

Most of these genera are monospeeifie and liave a restricted distribution

(cf. Fig. 4). However, Trachystoma has three speeics and Raffenaldia, Filardia

and Mechomisciis have two species.

Certainly^ the most remarka])le characteristic is the real generic proliferation

wliicli appears in tlie Maghreb in the Crnciferae.

Among the other genera, some are certainly related to other North African or

Mediterranean genera; others, on the other hand, represent paleocndemic ele-

ments. Among the former are Anvilleina, Lifago, LihijcUa, A<grop\jropsis, Sacco-

cahjXy Traganopsis, Battandiera, whose links with the genera Anvillea, Filago,

Mihora, Agropijro}i^ T}iynius\ Traganum and OniUhogalum are evident.

II.3.2

—

Specific Endcmism

Of thc^ some 925 genera inventoried in this work for Mediterranean Africa,

about 330, or 30%, have endemic species. It would be too lengthy to enumerate

these species here, but it is nevertheless interesting to learn something about

the genera having the largest number of endemic species. I have not gone beyond

four endemic species per genus: 48; Siloie; 34: Centaurea, 25: Teucrium-, 23:

Linaria; 18: Astragalus, Thymus; 16: Om)nis, Euphorbia; 15: Erodium; 14:

Limonitim; 13: Buplcurum, Leucanthemum, Crepis; 12: Sedum, Genista, Cam-
panula; 11: Reseda, Echium, Marruhium, Stachys, Atractylis; 10: Vicia, Celsia;

9: Sideritis, Carthamus, Carduncellus; 8: Romidea, Ileliimthemum, Galium,

Orohanche, Anacyclus, Chrysanthemum, Senecio; 7: Fumaria, Arahis, Saxifraga,

Adenocarpus, Cytisus (sensu lato), Lotus, Linum, Convolvulus, Salvia, Micro-

meria, Onopordum, Leontodon, Taraxacum; 6; Festuca, Scilla, Allium, Rumex,
Spergularia, Ranunculus, Diplolaxis, Ahjssum, Iledysarum, Lavatera, Eryngitim,
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Carum, Odontites, Phagnalon, Andrijah; 5: Arenaria, Biiffonia, Lathijrus, Daucus,

Valerianella, Scahiosci, Verbascum, Scrophularia, Plantago, Armeria, Thymelaea,

PiiUcaria, Fila<i,o, Anthemis, Cirsium, Launaea; 4: Avena, Cynosurus, Atriplex,

Delphinium, Bmssica, Potentilla, Viola, Bunitwi, Pittiranthos, Fertih, Lavan-

dula, Calamintha, Origanum, Evax, Calendula, Artemisia, Ilypochoeris, Picris,

Hieracium.

Witliout going into a biogeographical interpretation, it is nevertheless appropri-

ate to point out that nearly all of these genera are unquestionably of Mediter-

ranean origin; the /

Avena, Potentilla, Viola, Cirsium and Hieracium, more generally Eurasian or

Holarctic, Artemisia and Atriplex, better developed in the Irano-Turanian Region,

and Pituranthos, of Saharan origin.

11.3.3

—

Biogeographical Significance of Endemic Taxa

It is impossible to study here in detail the biogeographical significance of the

1,037 endemic species inventoried in Mediterranean Africa; it is nevertheless

interesting to clarify at least some points.

11.3.3.1— Endemics of Mediterranean Origin.— These represent more than

80% of the total. Among these, more than a third are related to genera essentially

circum-Mcditerranean, tlie principal ones being: Asphodelus, Scilla, Brassica,

Diplotaxis, Arahis, Reseda, Sedum, Ononis, Trifolium, Lavatera, Ferula, Cycla-

men, Globularia, Teucrium, Salvia, Sideritis, Stachys, Campanula, Evax, Ana-

cyclus, Anthemis, Chrysanthemum, and Centaurea.

The genera more specifically Western Mediterranean are perhaps even better

represented by: Catapodium, Ronmlea, Spergularia, Silene, Uedysarum, Ileli-

anthemum, Erodium, Eryngium, Bupleurum, Echium, Linaria, Odontites, Solen-

anthus, Armeria, Limonium, Lavandula, Thymus, Filago, Calendula, Atractylis,

Carthamus, and Carduncellus.

Among the genera of Ibero-Mauritanian origin, endenn'cs are present in

Leucojum, Vagaria, Rupicapnos, Adenocarpus, Lafuentia, Brachyapium.

Inversely, the endemics belonging to the genera Bellevalia, Tunica, Astragalus,

M
terranean origin.

Since a biogeographical and taxonomic interpretation is already nearly

complete, (Quezel, 1957, 1964a), wc shall not discuss it at length. However,

we would still like to emphasize a certain number of points.

11.3.3.2— Endemics of North African Origin. —Along with the endemic genera

mentioned above, one should point out the existence of endemic sections in the

genera Agropyron {Goulardiopsis by A. emhergeri), Draha (Ilelicodraba by D.

1 oreadum), Fhagnalon {Gnaphaliopsis by P.

rvse

hlf

Some genera also have some very distinctive species in North Africa. Such

is the case for the hardy Cynosurus (C. peJtieri, C. halansae, and C. junceus),

for the shrubby Pohjgala (P, halansae, F. wehhiana, and P. munhyam), the
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Aclenocarpus with umbclliform inflorescences (A. iimheUatus, A. faurei, and

A. segonei) and also the Buffonia perenncs group.

II.3.3.3

—

The Mountain Endemics. —The North African mountains (Quezel,

1957) contain one of the most remarkable concentrations of endemic taxa in

North Africa; in fact, there are about 170 on the high Moroccan Atlas. A large

number of these endemics belong to genera or to groups of species of oropbytes

which are circum-Mediterranean, or even Mesogean. These emphasize the

strict affinities existing in the original plant population of the mountains of the

Mediterranean periphery. A few examples are (Fig. 5) the representatives of

the genera Cedrus and AJnes, as well as CAcer atJanticum, a very exact vicariant

of C. incisum of Grc^ece and of the Near East, and of C minutum of Ebourouz.

There are many other examples in the genera Minuarfia, Silene^ PolentiUa,

Astra <i,(dus, Viohy Hypericum, Sideritis, Marruhium, Veronica, Asperula, Plero-

cephalus, Rindera, Campanula, and Leuzea.

IL3.3.4

—

Endemics of Northern Ori<iin (in the broad sense). —Although these

are not very numerous, they are of some interest. Even though the migration to

North Africa of species of northern origin generally appears recent and, for

the most part, conconu'tant with glaciations (the nearly total absence of specific

endemism proves it clearly), some noteworthy exceptions point to the possibility

of a much older migration. Thus it is that the genus Gentiana is represented

on the high Atlas by two endemic species, one of which (G. tornezijana) is the

type of the section Pseudotricha, and the other (G. athntica) belongs to an

orophilous southern European lineage absent, however, from the Alps.

Other examples are the following; Agrostis athntica, vicariant of A. rupestris;

Luzula athntica. related to L. graeca; representatives of the genera Erigeron and

GnaphaJium, also related to European or Anatolian species. Still in the Atlas,

Aster pujosii, vicariant of A. ameUus and A. niUkommii, can be linked to the

element of Sarmatic origin. Some endemics of northern origin are found in

North Africa, especially on the eastern Algerian coast at low altitudes. Their

presence there seems to be very old. Such is the case for Digitalis athntica,

Pedicuhris numidica, Lysimachia cousiniana, Epimediuni parralderianum, Epi-

lohitnn numidicum, Galium numidicum, related specifically and respectively to

D. amhigua, P. silvatica, L. nemorum, £. puhigenum, E. parviflorum and G.

rnolUigo.

Coronilla athntica and Doronicum athnticum, as well as the Teucrium en-

demies of the Scorodonia section, have a comparable significance, but a wider

distribution.

II.3.3..5

—

Endemics of Irano-Turanian ami Saharo- Arabian Origin. —Thc\se

endemics are not numerous. However, endemics of Irano-Turanian origin are,

probably, Zygophyllum cornutum. Anabasis prostrata, as well as various repre-

sentatives of the genus Artemisia (particularly A. athntica, A. mesaflnntica, and
A. ifrancnsis) whose affinities with A. hcrl)a-alba are evident. The same applies

to the genus Ilohenackeria (//. pohjodon).

The only endemic species of Saharan origin found within the limits of the

Mediterranean region appears to be Fagonia harpago of the southern face of

the Anti- Atlas.
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Cicer Sect Anetina

1 C. at Ian tic urn

2 C.incisum

5 C. minutum

• Agropyron fesfucoides

P- A tauril

o Dracocephalum renati

D. multlcaule

D Hotschyi

Figure 5. Distribution of North African mountain endemics.

II.3.3.6

—

Endemics of Tropical Origin. —Altliough not numerous in Medi-

terranean Africa (about 15), these are nevertheless noteworthy from several points

of view. First, it is relevant to note that the largest number of them is found

in southern Morocco, especially in the Macaronesian section of this country. In

fact, most also have vicariants in the Canaries or could be integrated, if necessary,

into the Macaronesian element. Specific examples are Acacia gumrnifera, Com-
melina rupestris, Boerhaavia iiuiroccana, Kalanchoe faiistii, Leptochloa ginae,

and Pentzia hesperidum, all the only representatives of these genera in Medi-

terranean Africa.

Among the other endemic species of tropical African origin that are wide-

spread in North Africa are two representatives of the genus Hertia {H. cheiri-

folia and //. maroccana), and of the genus Caralltima (C. hesperidtim and C.

joannis), as well as PoUjcarpaea akkensis^ AndracJine maroccanUy and Cleome

am])hjocarpa.

The genera Lotononis (with 3 endemic species in Morocco) and Argtjrolobium

(2 species) arc also of tropical African origin. Trichodesnia calcaratum and

Withania adpressa are found in the Sahara, but are otherwise found mainly in

Mediterranean Africa.

The relatively large representation of endemics of tropical origin in southern

Morocco is well known, but merits attention. Indeed, their presence is certainly

old in this zone and points to the possibilty of floristic exchanges between the

Mediterranean and tropical regions, certainly since the Tertiary and probably

even before the Saharan aridification (cf. below). The continued presence of

these species, often quite rare as well, has been conditioned by the local climate

and essentially by the high degree of atmospheric humidity. It should be pointed

out that the coast of the Red Sea must have played an analogous role even
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thoiigli cncleiiiism there is scarcely perceptible for tropical taxa which, in any

case, are not found in the Mediterranean region.

11.3.3.7

—

Endemics of Macaroncsian Ori^i)i. —Macaronesian endemics occur of

course, mainly in the Macaronesian Moroccan region whose essential physiognomic

clement is Arganhi spinosa. However, this tree, as well as several other species,

spread more or less widely into the Mediterranean region, and notably into

the oceanic Sahara. The endemic elements most representative are EtipJiorhia

ecJiinus, Scnecio anthcuphorhium, Buhonium imhricatum^ Aizoon tJwurkatiffii,

Li))ionium heaumierianum, L. tn])ercul(!tt(my Limoniastrum ijniense^ JaHhs

psciido-creticus, L. simonae, and Frankcnia chcvaUicri,

In Algeria, at Bejaia, Buphunun phnlagincum also appears to belong to

this group. In fact it is close to B. salicifolium of the Canaries and of Madeira,

but also to B. dumosum of the Ida or Tanana of western Morocco.

II. 3.4

—

The Geographicid Aspect of Endemisni in Mediterranean Africa

It is evident that the Maghr^^b alone is the basic reservoir for th(^ endemic

species. In fact, of some 1,037 species cited, almost a thousand arc found there.

No estimate is made here of the number of endemic species in each of the

countries of the Maghreb since this does not corrc\spond to any geographical

reality. Nevertheless, this count has been made for Algeria (Quezel, 1964b),

where about 250 endemic species exist. Recently Lecompte-Barbet (1975) made

this study for Morocco, but she clearly gives too broad a meaning to tliis term

at the taxonomic level (she includes subspecies in her totals) as well as at the

geographical level. Therefore it is difficult to estimate from these results what

the actual specific endemism of Morocco is; numb(M\s on the* order of 600-650 are

Hkely.

A very special case which deserves attention is that of the Cyrenaic Medi-

terranean, which has very distinctive characteristics and a certain influence of

eastern Mediterranean elements in the makeup of its endemic ancestry. It is

difficult to calculate the exact number, but it is probably more than 40. Among
those unquestionably having ekMnents of eastern Mediterranean origin arc:

Bellevalia cyrenaica. Allium spp., Arum cijrenaicum. Crocus houlosii, Ornithog-

alum Jyarha-caprac, Athamantha della-cellae. Tunica daveana^ T, marmarica.

Astragalus cyrenaicus, A. faid)ertianus, Origamnn cyrenaicum, Microtneria gtii-

chardii. A/, fortii, Nepeta cyrenaica, Teucrium harheyanum, T. davaeanum, and

Arbutus pavarii.

Other speci(^s are more typically of circum-Mediterranean origin. Thes(^ are:

Aijcna heguinotiana^ Cynosurus junceus^ Orchis cyrenaica, Thesium erylhronicum,

Silene daveana, S. marmarica, Reseda odorata^ R. pampaniniana, Sedum minim,

S. hracteatum, Medicago cyrenaica, Convolvulus mairei, Plantago phacosloma,

Onopordum cyrenaicum, JAhyella eyrenaica^ Cyclamen rohlfsianum^ Viola scorpi-

uroides, and Fachyctenium mirahile.

Egypt, on the contrary (excluding Sinai), has only a small number of endemic

species in its Mediterranean portion. Noted may be: Tunica compressa, Lotus

polyphyllus, Ebenus armitagei, and Ferula murmarica.
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III —SAll ARAN Africa

The vast desert zone stretehing between Mediterranean Africa on the north

and tropical Africa on the soutli, and for which we have previously indicated

the Ijoundaries, which is truly quite artificial, occupies approximately 7,(X)0,000

km2.

In this enormous territory, in spite of an usually extreuK'ly hostile cHmate,

developed a flora of great importance, which is especially prevalent in the wettest

areas: the northern and southern borders, the ocean shores, and in particular the

mountain massifs. This flora presents many problems of biological and geobo-

tanical significance, problems essentially related to the climatic history and

especially to the recent climatic history of this area, where next to the eremitic

autochthonous elements, an often significant number of Mediterranean and trop-

ical elements appears. In fact, even if some of tlie eremetic elements are truly

from the Sahara (in the actual sense of the term), others belong to the old

African xerophytic flora usually called the "Rand Flora."

For all these reasons, the analysis of the flora presently occupying the Sahara

is particularly delicate, but also very interesting and instructive!

II 1. 1—THE FAMILIES

ni.1.1

—

Generic ami Specific Riclmess (Table 5)

For the entire Saharan region about 104 famihes of phanerogamic plants

have been divided into several categories; for the vascular cryptogams about 10.

Concerning the generic representation, the hierarchy is as follows: 2 families

contain more than 50 genera (Compositae 80 and Gramineae 74), 4 more

than 20 (Cruciferae 44, Leguminosae 30, Chenopodiaceae 23, Caryophyllaceae

22), 7 more than 10 ( Umbelliferae 18, Boraginaceae 17, Labiatae and Scrophu-

lariaceae 16, Aizoaceae, Asclepiadaceae and LiHaceae 11). Fourteen families

possess between 6 and 10 genera ( Convolvulaceae, Cucurbitaceae, Euphorbiaceae

and Rubiaceae 9, Cyperaceae, Malvaceae and Zygophyllaceae 8, Acanthaceae

and Capparaccae 7, Amaranthaceae, Papaveraceae, Polygonaceae, Solanaceae

and Verbenaceae 6). Thirty-seven families contain from 2 to 5 genera, and 37 are

monospecific in the Saharan area.

In the vascular cryptogams, all of the Filicales embrace 11 genera, the other

families (4) are represented by a single genus.

In species richness, only 3 families suipass 100 (Gramineae 203, Compositae

164, Leguminosae 154), 3 surpass the 50 mark (Cruciferae 73, Chenopodiaceae

64, Caryophyllaceae 73), and 14 families possess between 20 and 49 species

( Scrophulariaceae 49, Cyperaceae 46, Boraginaceae and Zygophyllaceae 43

Malv Convolvulaceae

34, Aizoaceae 25, Asclepiadaceae and Capparaceae 23, Rubiaceae 22, Solanaceae

21). Fifteen families have between 10 and 19 species (Liliaceae 19, Polygonaceae

18, Geraniaceae, Papaveraceae and Tamaricaceae 15, Amaranthaceae and Cu-

curbitaceae 14, Cistaceae, Plantaginaccae and Resedaceae 13, Plumbaginaceae

J
In
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addition 21 families possess from 5 to 9 species. Four species are found in 3

families, 3 in 7, and 2 in 15. Finally, 21 families are represented in the Sahara

by only a single species.

III. 1.2

—

BiofieogmphicaJ Significance at the Family Level

Let me emphasize immediately, that contrary to what happened in Medi-
terranean Africa, the families offer very diverse biogeographical significance.

Later on I will return to this question which is one of the fundamental aspects

of the Saharan flora, but it is, however, interesting to emphasize that tlu^ tropical

element is in the majority in a large number of families. Particularly to be noted

are the following: Acanthaceae, Aizoaceae, Amaranthaceae, Asclepiadaceae,

Burseraceae, Capparaceae, Commelinaceae, Convolvulaceae, Cucurbitaccae,

Elatinaceae, Eupliorbiaceae, Leguminosae, Lythraceae, Malvaceae, Menisper-

maceae, Moraceae, Nyctaginaceae, Pedaliaceae, Sapindaceae, Solanaceae, Ster-

culiaceae, Tiliaccac, Vahliaceae, Verbenaceae, and Vitaceae. Such is still the

case for the Avicenniaceae, Balanitaceae, Combretaceae, Ebenaceae, Moriugaceae,

Rhizoplioraceae, and Salvadoraceae, all represented by a single species in the

Sahara.

The Saharan element (sensu lato) dominates in the Boraginaccae, Chcno-
podiaceae, Compositae, Cruciferae, Frankeniaceae, Plumbaginacea(>, Resedaceae,

Tamaricaceae, and Zygophyllaceac.

The Mediterranean element dominates in the Araceac, Caryophyllaceae,

Ephedraceae, Geraniaceae, Labiatae, Orobanchaceae, Papa\'eraccae, Plantagi-

naceae, Rhamnaceae, Santalaceae, and Uml)elliferae.

Finally, it may be noted that Polygonaceae, Ranunculaceae, and Salicaccae

predominately exhibit the Irano-Turanian element, although this phenomenon
is not particularly significant except perhaps for the Polygonaceae. With the

Juncaceae, Najadaceae, and Potamogetonaceae, the cosmopolitan species or

those with a very vast area of distribution are dominant.

1

III. 1.3

—

Endemic Riclmcss at the Family Level

One must emphasize at the beginning the considerable impoverishmtMit ii

endemic species that can be observed in the Sahara in comparison to Medi-
terranean Africa. The total percentage of endemics is no more than 11.69^', in

contrast to 25.7% in Mediterranean Africa.

One single family shows more than 20 endemic species (Leguminosae 21)
and 6 more than 10 (Grann'neae 19, Caryophyllaceae, Compositae and Umbel-
lifcrae 13, Cruciferae 12, and Zygophyllaccae 10). Three show from 5 to 10

( Scrophulariaceae 7, Eupliorbiaceae and Plumbaginaceae 5). There are 4 en-

demic species in the Asclepiadaceae, Boraginaccae, Cistaceae, Labiatae and
Rubiaceae, 3 in the Aizoaceae, Dipsacaceae, Ephedraceae, Liliaceae, Papa-
veraceae and Polygonaceae, and 2 in the Chenopodiaceae, Convolvulaceae,
Cyperaceae, Gentianaceac, nypericaceae, and Resedaceae. Finally, Apocynaceae,

Crassulaceae, Cupressaceae, Elatinaceae, Frankeniaceae, Geraniaceae, Malvaceae,
Moraceae, Myrtaceae, Nyctaginaceae, Oleaceae, Onagraceae, Plantaginaccae,
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Tahle 4. Distribution of the total number of species in Saharan Africa into its biogeo-

graphieal sub<^li\isions.

Subdivision

Nuniber of genera

Number of species

Endemics (sensu lato)

Saharo- Arabian

Irano-Turanian

Mediterranean (sensu lato)

Tropical (sensu lato)

Cosmopolitan or plurilocal and others

Number

61 i

i,6:o

190

359

75

344

524

126

Percentage %

11.6

22.7

4.5

21.2

32.3

7.7

Polygalaceae, Primulaceae, Ranunculaccae, Rosaceae, Solanaccae, Tamaricaceae,

and Verbenaceae possess only one.

It is notable that in the Sahara, 51 families do not possess endemic species,

estimated at a rough guess to be half of the families present.

IIL1.4

—

The Gl()])al Biogeographical Spectrum

In order not to excessively complicate an often controversial question, I

only consider the Saharo-Arabian, Irano-Turanian, and Mediterranean elements,

and some of tropical origin, in Table 4 and make furtlier analyses in the text.

The simple analysis of this spectrum (Table 4) and its comparison with that

Med shows numerous

peculiarities:

For a surface at least seven times greater, the number of species is almost three

times poorer, whereas the number of gent^ra remains relatively high (615 in-

stead of 916).

The endemic element which represents more than 25% of tlie flora in

Mediterranean Africa here reaches scarcely 12%.

While in Mediterranean Africa there occurs an overwhehning predominance

of the Mediterranean element (46% without counting the endemics which would

make it closer to 65% ), in the Sahara, on the contrary, there is a nearly equal

M
(32%) elements.

These peculiarities not only confirm the biogeographical heterogeneity of

the Sahara but also the hostility of the ecological conditions which now pre-

vail there and which are only reflections of the climatic cataclysms which

have occurred there since the end of thc^ Quaternary. Finally, it should be re-

membered that in the Sahara the major part of the flora is confined in the "massif

refugia*' or the "zones of safey," while very large surfaces are practically sterile.

IIL2 THE PRINCU'AL BK)(;EOGRAI>IllCAL ELEMENTS

Weconsider in succession the Saharo-Arabian, Irano-Turanian, Mediterranean,

and tropical elements.
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III.2.1

—

Saharo-Arahian Taxa

They belong to a large number of the families, but are in fact abundant only

in the Boraginaceae (Lappula, Echiocliilon, Moltkia, Arnehui, Gastrocotijle,

Megastoma), the Caryophyllaceae (PterantJius, SclerocepJialus, Gymnocarpos,

Paronychia, Polycarpaea, Silene), the Chenopodiaceae (Schanginia, Scvada),

the Compositae (Launaea, AtractyJis, Gymnarrhena, Lasiopogon, Iphiona, Puli-

carki (including Frankoeria)^ Anvillea^ Asteriscus^ RJictinoIepis, Lasiospcnuum^

Chhmydophora

)

, the Crucif erae
(

Reboudhi, Farsetia, Savignya, Moricandia,

Pseuderucaria, Notoceras, Morettia, Zilla, Schouwia, Anastalica, RohcscJiia, Toru-

laria, Schimpera, Eremohium) , the Gramincae [Aristida
( p.p. ) , Schhmus,

Desmostachya, Boissiera], the Lcguminosae {Trigonella, Lotus, Astragalus, AI-

hagi), the Rubiaceae (GaiUonia), the Resedaceae {Reseda), the Tamaricaceae

(Tamarix), the Umbelliferae {Pituranthos^ Ammodaucus) and the Zygophyl-

hiceae {Zygophyllum, Fagonia, Nitraria). If a great number of the genera cited

above correspond in fact to some elements with Saharo-Mediterranean or Medi-

tcrranean-Saharan connections, they nevertheless occupy an appreciable, indeed

an important, place in the Saharan flora, and they comprise a large number or

reasonably large number of the species with an essentially Saharan or Saharo-

Arabian distribution.

III.2.2

—

Irano-Turanian Taxa

Although iew, they merit being cited; they appear especially in the eastern

Sahara, but some are widespread over most of the Sahara. Let us point out: the

Liliaceae (Bellevalia, Lcopoldia), the Salicaceae {Popuhis eupJiratica and Salix

suhserrata ) , the Salsolaceae
(
Halocnemum, Salsola, Seidlitzia, Ilauunada,

Noaea), the Leguminosae {Astragalus), the Malvaceae {Alcea), the Umbel-

liferae {Astoma, Ducrosia, Zosima), the Boraginaceae {Paracaryum), Plantagi-

naceae (Plantago), and the Compositae {Atractylis, ZA)egea, Artemisia),

IIL2.,3

—

Mediterranean Taxa

Mediterranean taxa are relatively nuuKTous, as I have noted, and appear (cf.

Table 5) among numerous families (especially Caryophyllaceae, Compositae,

Cruciferae, Gramineae, Leguminosae, Papaveraceae, Plantaginaceae, Rubiaceae,

Scrophulariaceae, Umbelliferae). Their significance is quite variable.

Some appear only in the northern Sahara immediately adjacent to their

Mediterranean range and have only a minor biogeographical value. Others are

usually located close to areas with water, or are clearly anthropophiloiis [Juncus,

Scirpus, Pohjpogon, Ranunculus, Trigonella, Medicago, Trifolium, Franhoiia

(p.p.), Apium, Torilis, Centaurium, Galium, Plantago, Pieris, Scorzonera,

Lactuca].

Others, on the other hand, represent isolated colonies, persisting due to rela-

tively favorable ecological conditions, and constituting for the most part vestiges

of a flora much more widely spread in the Sahara at the time of the rainy

Quaternary periods. The most remarkable case is that from the high Saharan
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Table 5. The principal biogeojiiaphical elements of the families of Saharan Africa.

Heading abbreviations are as follows: Gen. = Genera, Sp. —Species, End. = Endemics, S.-A.

Saharo-Arabian, I.-T. = Irano-Turanian, Med. = Mediterranean, Eur. = European, Trop.

Tropical, Oth. = Other.

Family

Acanthaceae
Aizoaceae

Amaranthaceae
Amaiyllidaceae

Anacardiaceae

Apocynaceae
Araceae

Asclepiadaceae

Avicenniaceae

Balanitaceae

Balanophoraceae

Boraginaceae

Burseraceae

Campanulaceae
/ Capparaceae

Caryophyllaceae

Celastraceae

Chenopodiaeeae
Cistaeeae

Combretaceae
Commclinaceae
Compositae
Convolvulaceae

Crassulaceae

Cruciferae

Cucurbitaceae

Cupressaceae

Cyperaceae

Dipsacaeeae

Ebenaceae
Elatinaeeae

Ephedraceae
Ericaceae

Euphorbiaceae

Frankeniaeeae

Gentianaceae

Geraniaceae

Gramineae

Hydroeharitaeeae

Hypericaceae

Juncaccac

Labiatae

Legnniinosae

Lemnaceae
Lentibulariaceae

Liliaccae

Linaceae

Loranthaceae

Gen

7

11

6

1

2

3

2

11

1

1

1

17

1

4

7

22
1

23
1

1

3

80

9

2

44
9

2

8

2

1

2

1

1

9

1

4

3
74

5
1

2

16

30
1

1

11

1

Sp.

10

25

14

5

5

3

2

23

1

1

1

43
2

9
23
63

1

64

13

1

8

164

34

3

73
14

2

46

6

1

5

8

1

40

6

7

15

203

6

4

10

36
153

2

2

19

1

End

3

1

4

4

13

2

4

13

2

1

12

1

2

3

1

3

5

1

2

1

19

2

4

22

3

S.-A

1

1

3

4

17

4

1

13

39

7

62

4

32

1

1

1

12

3

4
29

5

32

4

I.-T

1

1

2

6

7
2

3

2

2

7

4

Med

1

2

1

2

3

1

5

4

1

26

8

2

44

2
1

23

1

1

4

2

5

5

2

2

7

50

2

3

18

25

6
1

Eur. Trop.

10

20

7

1

2

1

1

12

1

1

14

2

1

21

7

1

1

8
32

20
1

2
12

25

1

4

16

1

3
76

4

7

66

1

2

Oth.

5

I

1

4

9

5

4

1

14

1

2

27

2

7

2
1

2
1
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Table 5. Continued,

Family Gen

Lythraceae 3

Malvaceae 8
Mciiispc rmaeeae 2

Moraccac 1

Moringaceae 1

Myrtaeeae 1

Najadaceae 1

Neuradaceae 1

Nyctaginaccae 2
Nymphaeaceae 1

Oleaceae 2
Onagraceae 3
Orchidaceae 1

Orohaiic'haceae 2
Oxalidaceae 1

Palmae 3
PapawMaceae 6
Pedal iaceae 3
Plantaginaeeae 1

Plunibaginaceae 3
Polygalaccae 1

Polygonaceae 6
Pontederiaceae 1

Portiilacaeeae 1

Potaniogetonaceae 1

Priinulaceae 3

Ranuneulaceae 5

Resedaceae 5

Rhaninaceae 4
Rliizophoraceae 1

Rosaeeae 3
Rubiaceae 9

Ruppiaceae 1

Riitaceae 1

Salieaceae 2

Salvadoraeeae 1

Santalaceae 2
Sapindaeeae 2
Sapotaceae 1

Scrophulariaceae 16
Selaginaceae 1

Siniaroiihaceae

Solanaceae 6
Sterculiaceae 4

Tainaricaceae 2

Thynu^Iaeaeeae 1

Til iaceae 3

Typliaceae 1

Unibelliferac 18

Urticaceae 3

Sp.

8

32

2
6

1

1

3

1

9

2

4

6

1

9
2

3

15

13

12

3

18

1

1

10

3

11

13

6

1

4

22
1

1

2

1

2

2

1

49

1

21

6

15

1

9
2

35

6

End.

1

1

1

1

1

1

3

1

5

1

3

1

1

1

1

4

7

1

1

13

S.-A

1

1

1

1

2

5

2

7

1

1

1

8

1

3

11

5

3

l.-T.

3

4

3

7

6

I

2

1

2

1

2

3

1

Med.

1

5

1

1

1

4

7

7

1

4

2

2

3

8

2

1

14

3

1

1

12

Eur Ti( )p

7

23

2

4

1

8

2

3

3

1

1

2

3

1

2

1

1

2

1

1

8

1

2

15

8

6

9

2

2

Oth.

3

1

3

1

2

1

8

2

2

1

1

4

6

2

Vahliaceae 1 2 2
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Table 5. Continued.

Family

Valcrianaceae

Vcrbcnaccac

Vitaccae

Zannichelliaceae

Zygophyllaceae

TOTALS
PERCENTAGES

Gen.

1

6
2

2
8

617

Sp.

2

7

2

5

43

1,620

End.

1

10

190
11.6

S.-A.

25

359
22.2

I.-T.

2

75

4.5

Med.

2

1

344
21.2

Eur.

2

1.2

Tiop.

5

2

3

6

524

32.3

Oth

2

126

7.7

mountains (Quczel, 1965:220) where persist about 27 species common to Hog-

gar and Til:)esti, 26 belonging to the central Saharan Massif, and 7 or 8 limited

to Tibesti, beside some 25 species with a Saharo-Meditcrranean connection,

and a certain number of endemics of Mediterranean origin (cf. below).

Without repeating here this complete list, some especially remarkable species

may be noted: Ephedra major, LuzuJa athintica, Carcx distans, Osyris alba,

Anethum gravcolens, n Pistacia atlantica, Rhus tripartitum.

Ncriiim oleander, and Cekia lon^rostris.

Another refugium for the Mediterranean elements is formed by the Atlantic

coast where appear: Asparagm altissimus, Osyris alba, FranJcenia pulverulenta.

F. corymhosa^ Convolvulus fat y
Lijcium intricatum, Rhus oxijacantha.

Launaea arhorescens, Periploca laevi<j,ata, and Phagnalon purpurascens.

III. 2.4

—

Tropical Taxa

These constitute, percentage-wise, the most prevalent element in the Sahara,

which is not without interest for biogeographical interpretation. As I stated

earlier, the southern portion of this desert is heavily populated by essentially

tropical elements. Elsewhere, besides a basic group with a tropical background,

which is present almost everywhere except in the northcn Sahara, and which

forms part of the landscape of "Savanes desc-rtiques a Acacia-Panicum" ( Maire,

1940), the tropical element appears also in the Saluira in certain preferential

points and in particular on die soudiern .slope of the Saharan mountains, but

also on their Piedmont, where, as at Tibesti (Quezcl, 1958), it can form a true

enclave of Sahelian vegetation. The coastal links of the Red Sea in Egypt, as well

as tlie valley and the delta of the Nile, also offer a rich procession of tropical

species in a zone with a Saharan climate. All these factors explain the important

development of the tropical element (sensu lato) in the Sahara. It is a ap-

propriate to consider different assemblages in succession.

III.2.4.1

—

Sahelian Taxa (Fig. 6).— Sahelian taxa are certainly the most nu-

merous. They are divided into many families, of which some hygrophiles

( Avicenniaceae, Balanophoracae, Elatinaccae, Hydrocharitaceae, Rhizophora-

ceae) are especially common in Egypt. The landscape of desert savanna, and

the Sahelian enclaves of the Saharan mountains are in principle richer in Sahelian

elements as one progresses towards the south ( under similar climatic conditions )

.
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Fk.ure 6. Distribution of Sahclian elements in Saharan Africa. —Heavy black line

indicates tlie northern limit of Acacia raddiana. —Vertical lines indicate the area of distribu-

tion of Balanites ae^ijpliaca and Mocnia ciassifolia. —Ilori/ontal lines indicate the area of

Capparis dccidna. —'Diagonal lines indicate the area of the genus Cadaha. —Solid black indi-

cates the area of Boscia scnciialcnais.

It is for this reason that the Acacia raddiana and ZizipJiu.s lotus association of the

northwestern Sahara possesses only 2.4% tropical elements while north of Iloggar,

the Pauicum turgidum and Cassia aschrcg association reaches 12.6%, and fnrther

south, the Cassia Janceolata and TepJirosia Icptostachija association reaches

39.9% (Qiiezel, 1985).

The valley and the delta of the Nile certainly reiDresent a zone highly favor-

able to the development of the Sahelian taxa, as niucli as a result of local ecolog-

ical conditions as a result of the permanent contribution of diaspores of African

origin by tlie river, more particularly before the construction of the Aswan Dam.
From the floristic point of view and without entering into detail, the following

families are best represented: Gramineae (with 40 genera and in particular, Sac-

charum, Brachiaria, Cenchrus, Tragus, Latipes, Dine])ra, Digitaria, Aristida, Sporo-

holus, Eimcapogon, Eragrostis), Leguminosae {Crotalaria, Indigofera, TepJirosia,

Scsbania, Tavernicra, WiyncJiosia, Cassia, Acacia), Compositae {Blumca, Conijza,

Geigcria, Eclipta), but also Aizoaceae {Mollugo, Giesekia, Trianthema), Cap-

paraccae {Capparis, Boscia, Cadaha, Macrua, Cleome, Crataeva), Moringaceae,

Vahliaceae, Burseraceae, Sapindaceae, Salvadoraceae, Tiliaceae (Grcwia, Cor-

chorus), Malvaceae {Ahulilon, Hibiscus, Sida), Sterculiaceae, Combretaceae,

Asclepiadaceae (Calotropis, Glossonema, OxysteJma, Leptadenia, Pentatropis),

Boraginaceae (Cordia, Trichodesma), Verbenaceae, Scrophulariaceae {Anti-

charis, Lindbergia, Sutera, Bacopa, PepUdiiim), Acanthaceae {Blepharis, Bar-
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leria, Peristrophe, Justicia, Ruellia, Monechma), and Pedaliaceae {Sesamum,

Pechilium, Rogerici).

African Highland Tc/iy/.— Highland taxa are abundantly prevalent

in Tibesti, where besides endeniie speeies whieh also belong there, it is appropriate

to note miscellaneous ferns, specifically Asplcnium aethiopicum, Ilypodenmtium

crenatum, but also Acacia seyal, A. lacta, Ochradenus haccatus, Erlietia ohtmifoUa,

several Ficus species, Hermannia alnjssinica, Malhania ovata, Contjza ahyssinica,

Vernonta amygdalina, as well as several species of AhutiJon and Convolvulus. One

must add to them Saturcia hiflora, Silene kiliani, present as well at Hoggar.

III.2.4.3

—

Tropical Elements on Mountain Massifs Next to Coasts.— The

floristic inventory of the massifs adjoining the Atlantic, especially those which

in Egypt border the Bed Sea, demonstrates the appearance of a contingency

important for tropical species, namely, the substitution of an increase in the

rate of the atmospheric humidity, for infrequent, indeed almost total absence,

of precipitation.

It is for this reason that numerous tropical genera appear on Zemmour,

especially on the Adrar of Mauritania, which in general are present in the Sahara

in the south (Barleria, Blepharis, Peristrophe, Cleomc, Comhretum,

try'^'-> ^ ' Ce

eristrophe, Cleome, Comhretum, Pluchea,

of era, Tephrosia, Melliania, Bouchea), but

fescens, Jatropha. However, this phenom-

enon remains quite limited.

In contrast on the shore of the Red Sea, and in particular towards the Sudanian

frontiers, numerous tropical elements occur, which, besides sonic common types,

include numerous elements belonging in general to .some East African elements.

Soiue 30 genera occur here which belong to this category. The most remarkable

Cometes

I

spermum, Aneilema, and certainly not forgetting Dracaena omhet. Although

this region is still situated in the Saharan climatic zone, it is difficult to integrate

it into the Saharan phytogeographic domain.

\\12AA— Elements of the tropical eremic flora or "Rand Flora."— The ex-

istence of a xerophylic flora, indeed eremic of tropical origin, was, it seems,

noted for the first time by Christ. It is Lebrum (1947) who named this

group "Rand Flora," a term used again by Monod (1957) and by numerous

others.

In spite of the implied unanimous accord presently existing on this question,

the difficulty appears in fixing the exact boundaries of this flora which, theo-

retically, is found in the arid zones of tropical Africa both north and south.

Many taxonomic uncertainties remain. It appears, however, possible to attribute

to it several t^lements still present in the Canaries, such as cactoid Euphorbia, the

genera Caralluma and Dracaena, and doubtlessly quite a large number of genera

and species now present in the Sahara, such as: Aristida (p.p.), Asthenatherum,

Oropetium (Fig. 7), Enneapogon, Orygia, Cocculus, Neurada, Colocynthis, Mon-

sonia, Ifloga, Caylusea, OUgomeris, etc.
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Oropetium capense

+ Northern limit ofcadotd Euphorbia

FiGUiiK 7. Distribution of several members of the tropieal eremie flora or "Rami Flora.
»»

11 1 .2.5

—

Fluw-Regional Elements

In conclusion sliould be mentioned the existence in tlie Sahara of taxa with

areas of distribution overlapping different biogeographical subdivisions and
strc:tching in particular from tropical Africa, indeed southern Africa, to the

Mediterranean region and finally perhaps quite close to the ''Rand Flora.*' Tlie

case of the Gramineae, especially the Andropogoneae, alluded to earlier, can
again bc^ noted since these sioecies are almost all present in the Sahara and in par-

ticular on the Saharau moimtains. But it is ad\ isable to cite several others (apart

from hygrophilous or authropophilous species without great significance), par-

ticularly Commicarpus phnnha<^ineus and Mmjtenus sane gale nsis.

The same is true for Erica arhorea, ^^hosc discovery in the Tibesti Massif

(BnuK^au de Mire & Quezel, 1959) was one of the greatest surprises furnished

by the botanical exploration of this massif (Fig. 8).
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Erica arborea (actual)

+ Erica arborea I Pleistocene)

after BRUNEAUdeMIRE et QUEZEL(1959]^

GAMS(1964)

FiGUKE 8. Distribution of Erica aihoiva; solid l)lack indicates the present distribution,

crosses indicate Pleistocene sites; after Brunean de Mire & Qnezel (1959), Gams (1964), and

Straka (1970).

111.3 —ENDEAIISM IN TIIK SAHARA

III.3.1

—

Generic Endemism

Generic endemism in the Sahara (Quezel, 1964a) is clearly less developed

than in Mediterranean Africa; only 16 genera can in fact be cited here, and

some of them overlap more or less extensively into the Mediterranean region. It

is remarkable to consider that for the entire siibregion of the Sahara, it is the

northwestern zone of the Sahara which is by far the richest in endemic genera
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I

SAHARIAN GENERICENOEMISM

'"'-" fokyvia

" Ercnwphyf^n

li''anona

Oudneys

-'" R^ndonm

® Monodiefh

®^

Figure 9. Distribution of cudcmic genera in the Sahara.

(Fig. 9). Iiideed, BatlamVwra, Lifago and Folcijohi are localized there and

three others overlap more or less abundantly m this sector: Eremophyton,

Warionia, and StephanochUus.

The genera Oudneija and Ammospenua are south- Algc^-ian-Morocean in

the major part of their distribution witli one spcx^es, O. z\jgarrhena, in the Sa-

haran enclave of the Moulouya valley.

Perralderia, Totinicuxia, Rhanterium, Megastoma, and Nticularia occupy

nuicli larger areas, but do not seem to spread into Libya towards the east.

Ruudonia, on the other hand, reaches Egypt and Somaliland,

Finally, it is appropriate to note the rarest genera from Tibesti: MondicUa

and QnezeJia; the genus Tibestina has, however, been synonymized (Scholtz,

1974)

Indeed, of the 16 genera, some {StephanochUus^ Lifago) are even considered

by some authors as mere sections (of the genera Centatirea and Fihigo). It is a

question then of 6 Compositae, 5 Cruciferae, and only 1 representative of the

Liliaceae, Chenopodiaceae, Boraginaceae, Gentianaceae, and Rescdaccae.

Still of 16 genera, 14 are monospecific: Battandiera, Lifago, FoleyoJa, Era mo-

phyton, Warionia, Perrahleria, Tournenxia, Randonia, Rhanterium, Mcgastoma,

Nticularia, Monodiclla, Quezelia, and StephanochUus, The two others are bi-

specific.

All these genera are very diversified from the taxonomic viewpoint, and must

certainly be associated with the paleoendemic element. The very small area

occupied by some of them and the almost exclusive preponderance of mono-
specific types permit one to consider most of them as residual elements. Further-

more Warionia constitutes the only representative of the tribe Mutisiae.
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III. 3.2

—

Specific Endemism

Here again the remarkable fact is tlie very striking reduction of numbers of

species in the heart of the Saharan flora. In spite of inherent difficulties with this

question, we have cataloged 189 endemic species for the entire Saharan flora

(Arabia excluded). This represents 11.9% of the entire flora as opposed to

257o in Mediterranean Africa.

The percentage of genera with endemic species is also lower in the Sahara

(116 of 615 for 19%) than in Mediterranean Africa (330 of 925 for 37%).

It is also interesting to note the total disappearance in the Sahara of genera

with high endemic rates; here only 8 genera have more than 4 endemic species.

The generic representation of the endemism is the following: 6 endemic species:

Astragalus and Fagonia; 4 endemic species: Euphorbia, Ferula, Ilelianthernum,

Phagnalon, and Zygophyllum; 3 endemic species: Bromus, Calligonum, Lotus

and Silenc. Finally, 25 genera possess 2 endemic species and 78 a single one.

III.3.3

—

Biageographical Significance of Endemic Taxa

Among the some 200 species which can be considered endemic in the territory

of the Sahara a great number pose interesting problems, especially historical

problems. Some will be examined later on.

III. 3.3.1

—

Endemics of Mesogean Origin. —These endemics are indisputably

the most numerous (about 90). They correspond both to endemics of Medi-

terranean origin and to those of Saharo-Arabian origin. It is necessary to note

that it is often difficult to establish a precise limit between these two groups,

and certain genera, indisputably of Mediterranean origin, have evolved

some endemic species in the Sahara whose distribution is of the Saharan type.

I will consider them, nevertheless, as endemics of Mediterranean origin.

Endemics of Mediterranean Origin, —Their list is long and I will discuss them

as a function of their geographical distribution.

Some are found for the most part in the Sahara: Koeleria rohljsii, Diplotaxis

acris, Lotus jolyi, L. roudairei. Astragalus akkensis. Euphorbia cahjptrala, Mega-

stoma pusilliwi, Antirrhinum ramosissimum, Atractylis aristata, and Volutaria

leucantha.

The northern Sahara to the south of the Maghreb offers: Urginea noctiflora,

Astragalus gombo, A. gombiformis, Genista saharaCy Daucus biseriatus, Heli-

anthemum eriocephalum, IL getulum. Euphorbia guijoniana, Convolvtdus su-

pinus, AntJieinis sabulicola, Chn/santJicmum macrocarpum, Pulicaria Jaciniatay

Centaurea furfuracea, Stephanochilus omphalodes, Atractylis delicatula, A. car-

duus, and Ileliotropium digynum. The following species are, on the other hand,

much more localized: Atriplex mollis^ Scabiosa camelorum, Astragalus kraliki-

anus, Volutaria saharae^ and Rupicapnos muricaria.

The western Sahara has in its area: Diplotaxis pitardiana, Moricandia foleyi,

Convolvulus trabutianuSy Withania adpressa^ Ormenis criolepis^ O. lonadioides,

and Atractylis habelii.

In oceanic Sahara can be noted: Lotus chalazei, Anethutn foeniculoides, A.
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tJietirkhaufii, Ephedra roUandii, Teiicrium chard inia mi m^ and several species of

Limoniiuii.

In tlie eastern Saliara occnr: Dianthus guessfcldliamis, D. mnaicuSj Biscutclla

clhcnsis, Meliotus serratifoUa, Onosma galalemc, and Pterocephalus aramicus.

Some species belonging to the element with Saharo-Mcditerranean connec-

tions can also be noted here; they are especially frec^uent in the northern half

of the Sahara: Rchoudia crucarioidcs, Psendenicaria teretifoVia^ Ahjssum macro-

cahjx, Matthiola uiaroccana, EcJiitan trigorrhiznm^ Marrubium desertii, Phintago

akkcnsis, Scnccio rnassaicus, Peraldcria coronopifolia, Rhanllierium suavcoIcnSy

and several species of Ferula.

It is appropriate again to list nnder a special heading the remarkable en-

demies localized in the Saharan nioimtains.

Here may be noted Olca laperrini^ Cupressus duprezziana, and Mijrtus nwellci

(Fig. 10). In fact, as we already indicated (Brnneau dc Mire & Quezel, 1961),

it is probable that the Saharan Olivier is linked with African scmrces. I will

disenss this problem later. Belonging on this list from Hoggar and its extensions

and from Tibesti are; Yerhascum dentifolimn; from Teffedest: Asiragahis

genioriim, llelianthemum geniorum; and from Tibesti: Stipa tihcstica, Cehia

tibestica, Eragrostis kohorica, Foeniculum scoparium, Erodium orcophilum and

Spergtdaria tdjestica, a local variant of S. fontenellei of Hoggar, where Phagnalon

[aramantum also appears.

Some other endemics localized in the mountainons areas are more likely

associated witli eastern Mediterranean sources: Yartcmia scricea to Y. iphionoidcs.

Campanula hordcsiami and C. monodiami with several Mideastern species.

Finally, although not endemics, several species with disjunct distributions

merit being noted in this group. This is the case for Erodium meynieri and

Uijpericum psilophijtum (south Morocco and the central Saharan Massif ),

Centaurca touggourcnsis ( Hoggar and bcllezma ), Comjza tr'doha
(

Erigcron

trUohus) and Scnccio hoggaricnsis (southern border of Maghreb, Hoggar, Ti-

besti, Sinai).

Endemics of SuJiaro-Arahian Origin. —They are clearly less numerous. Some
genera, however, have evolved a certain number of taxa. The most remarkable

belong to the Zygophyllaceac (Ozcnda & Quezel, 1956), particularly Fagonia

where, in spite of great difficulties of taxonomic rank, it seems possible to discern

at least 6 endemic species, of which 3 arc in the eastern Sahara; the genus

ZygophyUum encompasses 4 endemic species, of which 2 are in oceanic Sahara

(Z. gaetidum and Z. watcrlotii). The genus Calligonum also has 3 endemic spe-

cies of which 1, C. azcl, with a wide distribution and the 2 others, C calvcscens

and C. arich, are located between southern Tunisia and Tassili. Also included

here is the genus Limoniastrum including, besides 1 Saharo-Mediterranean

species (L. guyonianum), species oeciu'ring especially in the southern Morroco

and in part of the Mediterranean regions (L. feci, L. ifnicnsis, L. xccygandiorum)

.

In the western Sahara the* geiius Echiochilon evolved E. chazaUei and E,. sim-

moncaui. Finally, in the northern Sahara, we can note Enarthrocarpus clavatus,

Ercmophyton chevalicri, Moricandia folcyi among the* crucifers and Piluranlhos

haltandieri and P. triradiatus among the Umbelliferae. In the Chenopodiaceae
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Figure 10. Distri1)uti()n of Saliaran mountain rndcinics compared with those of related

species and known Pleistocene sites.

the genus Anabasis is represented by A. aretioides and A, oropediorum of the

southern flank of the Saharan Atlas and Suaeda by S. monodiana, S. ifniensis,

and S. arguinensis of oeeanie Sahara. Also added ean be Ptdicaria volko.skyana

of the southern Sahara and Salvia chudeaui, a vieariant of S. santoUnifolia of

the Sind, Anvillea radiata, Gaillonia rchoudiana, and several representatives of

the genus Tamarix, always a diffieult group to interpret.

IIL3.3.2

—

Endemics of European Origin, —Listed, beeause of laek of a better

way, besides endemies of Mesogeaii origin, are some si^eeies whose affim'ties

are debatable but whose affinities derive more from European and Eurasian

taxa. The majority of tliem are loealized on the summit of Tibesti where Ephedra
tilhoana, Artemisia tilhoana, Asphniium (jnezellii, Ihjoscijamus tihesticus, and

Galium uniflorum appear as relatives of E. dislacJnja, A. alba, A. lepiduni, IL

albus, and G. spurium. The case of Ilelosciadium muratianum and Epilobium

mirei from the lakes of Borkou is comparable as these species are very close to

//. nodiflorum and E. parviflonim. Finally ErylJirea minutissima from Aozou
in Tibesti, doul)tlessly derives from E. ptdchella, and in Hoggar Potamogeton

hoggariensis from P. pusillus.

III.3.3.3

—

Endemics of Tropical Origin. —The endemies of tropical origin are

less nimierous in the Sahara than the endemies of Mediterranean origin despite

the numerical dominance of the tropical element. In fact, with very rare ex-

ceptions the endemics of tropical origin occur only in special territories, especially

in the mountains of the Sahara and coastal zones; the southern Saharan fringe

likewise represents a very special case. As a result, the Sahara does not feature
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endemics of tropical oiigiii for %() of its surface, with tlie exception, however,

of Cwtahiria saharae, and perhaps also Lotononis (Jichotoma. It is evident that

this peculiarity traces to a recent, indeed extremely recent, origin from a iloristie

background of the Sahelian type in the Sahara.

I shall examine successively the endemics more or less associated with the

Sahelian flora, those which belong to the "Rand Flora," and finally tropical en-

demism of the montane type.

Endcmism of SaJwUan Origin. —It is manifested fundamentally in the south-

ern Sahara, even on the southern bases of the Iloggar and Tibesti massifs.

Certain species are, from all evidence, recently evolved micromorphs, such as

Fegohlliu dubiefjiana and Bergia mairei (Quezel, 1954) on the southern base of

Iloggar derived from P. scnegalemis and from B. suffruticostL In the northern

Sahara Sporolwhts tournciixii (southern Tunisia) and S. lanugincllus (southern

Morocco) belong without a doubt to this group, as well as the rare Croiahria

vi(daltei.

On the other hand, although one often lacks scientific contributions to tlie

exact division of these species, tiiere truly seems to exist, on the mountain massifs

of the southern Sahara, quite a collection of species which appear to be primarily

limited to this zone, even if they penetrate locally in the Sahelian territory (nota-

bly on the northern momUain massifs Adrar of Mauritania, Air and Ennedi).

Such appears to bc^ the case for Coehclujruni oJigohrachialum and C hremfoHum,

Ccnchrus monUniH.s, Eleusine fhigcUijera, several Trihidus (T. aJalus and T.

ochroJcuchus )
, Anlicham linearis, Blumca garicpina, and on the Adrar of

Mauritania for Barleria schmittii.

Endcmism at the Level of the "Rand Flora" —A certain number of endtMuic

species appear to be able to be referred to this source, which we have cliarac-

terized precisely above. Such is the case for the endemics belonging to the

genera Caralluma (C vcncnosuni, C sinaica), Mescmhrijanthemum {M. thcur-

kJuiufii, M. gausseni), Wahlenhcrgia (W. etbaica, W. tihestica, W. hernardi),

and also Lotononis riouxii.

It is likely that the elements generally considered to be of Macaronesian origin

ought to be included here. This is the ease for the cactoid euphorboids, and in

particular for Euphorbia balsamifera and E. rcgis-jubae, as well as a certain

number of species designated above as belonging to the Mediterranean flora

{KalancJioe /•

Saharan zone.

which extend more or less into the

/ iJie Montane Type. —I have already analyzed this on several

Q
Montane Endemics of Indigenous Origin. —In this category is uinted a

small group of species which represent vestiges of an indigenous prcdesert flora

of the massifs. Such is the ease for: Pentzia monodiana, Ficus teloukat, Com-

micarpus montanus, Bidcns minuta, Pluchea erenata, Tripogon mtdliforum,

as well as a group of vicariant endemics belonging to the genus Rhynchosia (R.

lynesiiy R, tibestica and R. airica).

Endemics of African Highland Origin. —These are taxa derived from lines

still largely found on the tropical African mountains and the Ethiopian plateaus.
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We can cite Alhuca septentrionalis, Clilorls tibestica. Clematis tihestica, Trtclw-

desimi <ib'(inteum, Pentas tibestica, and Fhagnalon tibesticum, vicariants, re-

spectively, and truly extremely closely related to A. abijssiniea, C. notocoma,

C. simensis, P. carnea, and P. hypoleucum.

Endemics of Montane- African Ori<;in. —All localized on the summit of Tibesti,

despite their rarity, they represent one of the most remarkable curiosities of the

massif in a singular ecological environment, where Erica arborea also appears.

The following can be cited: A'^rostis tibestica, Avenastrum tibesticum, Festuca

tibestica, Silene mirei, CrassuJa tibestica, IleJicJinjsum monodianum, Dicliro-

cephala til)estica, respectively related to A. pilgeriana, A. lachnantha, F. abijs-

siniea, S. macrosoJen, C. pentandra, II. f f

Quczel

species

Finally, on Tibesti exist rare endemics of Sudanese origin, localized par-

ticularly at the level of the fumaroles of Touside, at approximately 3,000 m alti-

tude: Oldenlandia toussidana close to O. goreensis and Fimbrystilis minutissimci

vicariant of F. oJigostachys.

IV. —HisTOHicAL Inteiu'retation of the Vegetative Population

OF Mediterranean and Saiiaran Africa

The present flora of Africa now situated to the north of the Sudano-Angolan

floristic region is considered to be the result of palcoclimatological, paleoecological,

and paleogeographical influences, persisting since approximately the beginning

of the Tertiary, on the different vegetative assemblages which have evolved there

but also on those which have been able to migrate there for various reasons.

The interpretation of these phenomena is extremely complex, and it would

be ill-timed to try to give an analysis of it here, besides all is relative and subject

to caution. However, a certain number of scientific papers, in general recent, have

brought to these questions new precise details and actually permit one to com-

prehend, if not the totality of the phenomena, at least part of them.

These contributions have essentially treated the palcoclimatological and

paleobotanical aspects.

IV.l CONTRIIUITIOXS OF PALEOCLIMATOLOCYAND PALEOROTANY

Webegin with a consideration of the Paleocene.

V

IV.l. 1

—

Paleoee ne

If one looks at it somewhat diagrammatically and if one confines it essentially

to the African continent, it seems likely that the regions studied here were af-

fected in the Paleocene by a climate essentially of the equatorial type over the

entire current Sahara (Millot, 1964; Grcenway, 1970) and assigned by the latter

to a "Tropical Rain Forest." The true Maghreb was related to a cooler climate,

permitting the formation of a "Temperate Rain Forest." But Africa, a part of

Gondwanaland, has not been reunited to Eurasia, as according to Dewey et al.
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(1973) the connections between these two continents would not be prior to tlie

middle Miocene.

From the point of view of the vegetation it appears that the Paleocene flora

has not played an important role in the formation of the true Mediterranean
Saharan stock, as is confirmed by the findings of Boureau (1958), and in

palynology by those of Roche (1974), Jardhie et al. (1974). Inversely, it is to

this period that a large portion of the biogeographical affinities existing between
the ancient and the new continent are affirmed, since America and Europe re-

mained in contact at least to the middle Cretaceous.

If the flora corresponding to this period is well known in the Sahara, the

same is not true for the region corresponding to the present Maghreb. The
results obtained by Medus (1971) for the Mesogean Cretaceous flora remain
in effect without significance for the later flora, the platit groups represented l)y

Classopolifi and NormapoUcs appearing to be end points.

On the other hand, it is very probable that the establishment of the very
numerous taxa common between Europe and North America dates from this

period in an area north of the Tethys (Raven, 1973).

The same is true for the meso-hygrophylic flora (Acer, Aesculm, Cercis,

Carpinus, Epimedium inch Vancouveria, Fraxinm, Etionymus, Ostnja, Platamis,

Popuhis, Qiierrus, and also Pbws and Junipcrm etc.) and the meso-xerophytic
flora {ArctosUiphjJos, Amehnchier, Arbutus, Bcrbcris, Celtis, Ilclianthcmum,
Lavafcra, Lycium, Wiainnus, Rhus, Salvia, Styrax, Smilax, Viburnum) or also

the xero-eremic flora {Aristida, Boerhavia, Fagonia, Franhenia, Cleome, Evax,
Talinuni, Trianthcma, etc.).

The existence of a more or l(>ss xeric flora in Africa appears probable in this

period, in particular in the southeastern part of southern Africa where Creenway
identified a "subtropic woodland shrub" wliere, at least in part, the ancestors

of the "Rand Flora" could have evolved. In contrast, because of the position

of the equator, nothing like it appears to have existed in North Africa.

IV. L2—0li go-Miocene

The displacement of the equator toward the south permitted the formation
in Africa of climates and types of vegetation closer to those presently observed,

especially in the southern portion (Axelrod & Raven, 1978).

In the Oligo-Miocenc present north tropical Africa was essentially occupied
by a "temperate rain forest" in the area of the present Sahara, and by a "sub-

tropical woodland savana" in the area of the present Mediterranean region, with
a sclerophyllous "subtropical evergreen forest" on the mountains. According to

Axelrod and Raven, this woodland savanna, by its floristic composition (Cacsal-

pinieae, Mimoseae, Pittosporaceae, Combretaceae) seemed already characteristic

of a climate with the presence of a dry period.

The sclerophyllous forest of North Africa with a dominance of Qucrcus,

Junipcrus, Finns, Laurus, Pistacia, and Olea seems to have evolved in the Miocene
and to have extended itself into the Pliocene.

Several important phenomena deserve emphasis in this period: in tropical
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Africa there is the evolution of a montane flora in the region of the volcanic

massifs which, incidentally, have allow cd some notable floristic and faunistic ex-

changes (Iledberg, 1965) between northen Africa and the tropical south since the

Miocene. Similarly, the appearance of considerable relief should have multi-

plied biotypes favorable to the expansion of a xerophytic flora (especially the

"Rand Flora") of tropical origin.

Finally, more to the north, the existence of arid phases in what is presently

the Maghreb, associated with the building of mountain chains elevated on the

site of the Tethys, constituted a millieu eminently favorable to the speciation

and migration, especially from the east to west, of the floras (Stebbins, 1974).

IV. 1.3

—

Pliocene

If the existence of phases of aridity and in particular the appearance of

at leiist a local or temporary dry season was already recognizable in the Miocene

in northern Africa, it was in the Pliocene that this worsening of the climate was

accentuated. The appearance of the first eolian deposits in the Sahara (Butzer

& Hansen, 1968), date from the beginning of the Pliocene, and Coppens &

Koeniguer (1976) indicate that in the Koro-Toro region Tamarix and Retam

forests were part of a prehistoric stratum dated 4-5 million years. Maley (1977)

provides several paleontological and geomorphological arguments for this in-

terpretation and thinks that it is in this period that the desert climate started to

establish itself in northern Africa, paralleling a perceptible lowering of the

temperature in the Mediterranean region (de Lumley, 1976).

The palynological analyses carried out at Iloggar by Van Campo et al. (1965),

and then at Kourkour in Egypt (Van Campo et al., 1968) on sediments dating

from the end of the Pliocene, demonstrate, without entering into the fine points

of the discussion, a flora ultimately rather closely resembling the present flora,

and one in which elements called Saharan and tropical predominate; the pres-

ence of pollen belonging to northern taxa appears more related to long distance

transport. In Saoura (Van Campo, 1973) the results were comparable for the

most part.

It seems, therefore, that from the Pliocene, and with an influence more or less

great throughout this period, a desert climate established itself in the ma-

jor part of the Sahara, at least in the lower altitudinal zones. Thus desertification

began at least 5-6 million years ago and certainly increased up to the first

pluvial phases of the Pleistocene, in direct correlation with the advent of the

glaciations.

In Mediterranean Africa, on the contrary, paleobotanical contributions demon-

strate a very diversified flora in the Villafranchian in which occurred, besides

tropical elements or Macaronesian elements presently absent, not only the

major portions of the contemporary climax forest but also some of the more hy-

grophylic elements now characteristic of the Euxino-Hyrcanian zone {Juglmis,

Pterocarya, Fagus, Ulmus scahrci, Carpinus) indicating a climate certainly more

humid and warmer than the present climate; but the existence of a dry summer
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period was locally also probable, as was confirmed by the presence of Olca^

Qiwrciis suber, and Q, ilex.

IV. 1.4

—

Pleistocene

Without entering anew into detail, the appearance of glacial periods, with

which the x)luvial phases of Africa were more or less directly (Maley, 1976)

associated, have created considerable confusion concerning the relationships

of the floras of Mediterranean Africa and the Sahara.

In Mediterranean Africa the existence of drier phases and of more variable

climates eliminated a certain number of elements, particularly the major seg-

ment of present Hyrcano-Euxinian or Macaronesian types. The cold phases and

the establisliment of glaciers on the high mountains permitted the establishment

(despite the persistence of the Strait of Gibraltar) of a certain number of circum-

boreal elements. Finally, the extension of the steppes, especially Artemisia and

Chenopodiaceae, appeared to be a phenomenon generally associated with the

increase of continental climates begun at the end of the cataglacial phases. If

several glacial periods of variable nature followed upon each other in North

Africa, it appears very probable that the last one was the most intense, as the

study of the flora and especially of the residual or relic floras clearly shows.

In the Sahara, the impact of pluvial phases on the flora and the vegetation

in the Pleistocene has been considerable (Rognon, 1976). Just as we have shown
for the last one on fossil guano of Procavia, which it is impossible to impute to

wind dispersal (Pons & Quezel, 1956, 1957; Que/el & Martinez, 1958, 1961), the

increase in precipitation wiped out a great part of tlie desert and permitted

the exchange of species between the Mediterranean and tropical regions. This

phenomenon, cyclic during the Pleistocene, affected profound changes in the

pattern of the floristic domains and in the migrations of the flora, the inter-

pretation of which has not always been clear; I shall retiuTi to this question

later.

IV. 2 PROBLEMSRELATIVE TO THE ESTAHLISIIMENT OF THE

PRESENT FLORAS (Fig, 11)

For greater ease I shall examine these problems successively in terms of the

biogeographical origin of the different elements.

IV. 2.1

—

Mesogean Elements

I am uniting under this term at the same time Mediterranean, Irano-

Turanian, and Saharo-Arabian taxa. All these conform to climatic criteria, among
^^hich the presence of an essentially summer dryness (sometimes replaced by

a nearly constant dryness for the Saharan taxa) is the major characteristic; the

distinction between the Mediterranean and Irano-Turanian elements is especially

of geographical origin since the thermal criteria (Daget, 1977; Nahal, 1976) are

not determinants.

If the existence of a period of annual dryness is probable (we have seen that
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FiGUiiE 11. Migration routes in Africa (Pliocene and Pleistocene). Heavy dark arrow:

tropical eleinents; dotted arrow; Southern Saharan orophilic elements; dashed arrow: Mediter-

ranean eleuients.

it has existed sinee the Pleistoeene), it is not obvious that a precipitation regime

of the Mediterranean type (Axekod, 1973) existed at tliis period. It would most

certainly have appeared in the Pleistocene, connected with tlie initiation of the

glacial phases. According to Axelrod, this climate would have been only periodic

during this period.

The contributions relating to the perturbations caused by the glaciations on

the Mediterranean flora are beginning to be well known, and have revealed

themselves to be very remarkable.

Under these conditions, the Mesogean floristic assemblage has since its in-

ception, undergone incessant onslaughts, especially climatic, which render

global interpretation difficult but which have in every way greatly favored

speciation.
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IV.2.1.1

—

Sources of the Mesogean Flora, —Sources of the Mesogean flora

are many, both Eurasian (indeed Laurasian) and African.

The Eurasian elements, whose arrival in Africa did not appear to be prior

to the disappearance of the Tethys at tlie Neog(Mie, are composed of numerous
types common to Europe and North America (Raven, 1973), but also often to

north-tropical A^ia (Meusel, 1971), doubtlessly dating from the Cretaceous;

at least their common ancestors had evolved before the separation of these two
continents. Here arc found at one and the same time elements of the temperate

forests designated above, a great deal of which is still present in North Africa,

but also elements which are clearly more xeric (particularly Salvia, Lavatcra,

Berheris, Smilax, Arbutus, Rliamnus, and various Cistaceae). These two flo-

ristic types had certainly been present in North Africa during the second part of

the Tertiary, and the first was in part eliminated at the time of the climatic modi-

fication connected with the begimiing of the glaciations. Tlie Euxyno-IIyrcanian

and Macaroncsian elements had by then been extremely reduced and only

traces of it have persisted. On the Constantino-Tunisian coast, always very humid,

can be noted CJinjsosplcnium dubium, Epimcdium perrahJerianum, Quercus

afares, and on the Moroccan oceanic coast (at least for the true Macaroncsian

taxa of indisputable Mesogean origin ) Asparagus, Chcnoha, Ilelianthcmum,

Hypericum, Rhus, LitJiospermum, Andnjala, (and indeed Laurasian), Drusa,

and Cneorum,

This flora, Eurasian in origin and certainly evolved on the northern side

of the Tethys, has become widespread over the whole of the true Mediterranean

region, but also more to the east even to oriental Asia. The xeric types whose
appearance doubtlessly goes back to the more or less cyclic dry periods, which

date from the middle of the Miocene ( Andreanszky, 1963; Demangeon, 1958)

and which have been substantiated by a certain luunber of macro or fossil

pollen (Pons, 1964), have profited in addition from the elevation of the Meso-

gean mountain massifs. It is certainly from this period that the establishment of

orophilic taxa extending from the Atlantic to the Himalayas must be dated; the

greater part of these have given birth to endemic vicariate series. Examples of

this are genera like* Cedrus, A])ies, and Berberis, the arborescent Juniperus of tlie

Mediterranean, as well as the major part of the (elements actually considered

as oro-Mcditerranean (Quczel, 1957).

These elements have contributed a great deal to the evolution of the Medi-

terranean flora, especially the sclerophyllous forest, since the Pliocene where,

according to Axt^lrod & Raven (1978), it occupied a large* part of the Maghrt^b

and the northern Sahara and reached the mountain massifs of the central Sahara.

The elements of tropical origin (cf. below) were largely associated with it It

api)ears, however, that from the middle Pliocene there may have developed a

state of aridity on the southern margins that leads me to agree with the results

cited below for Koro-Toro (Coppens & Koeniguer, 1976).

During the Pleistocene, and certainly during several reprieves, the alternation

of the truly arid desert phases with wetter phases in the whole of the true Sahara

has affected interesting migrations of the floras. The example of the last pluvial



/

1978] QUfiZEL—NORTHAFRICA 525

phase can give us a good idea of this (Quezel & Martinez, 1961). Under these

conditions Mediterranean taxa could liave survived in certain localities, par-

ticularly on the Saharan mountains, side by side with other elements of African

origin. The existence of several such fluctuations is the reason why a certain

level of endemism is evident in this flora. The most remarkable example is that

of CupreLsus dupreziatui, at least for the strains of Mesogean origin. On the con-

trary, as we have indicated (Bruneau de Mire & Quezel, 1961) Olea hperrini

and Myrtus iiiveUei belong to the montane African strains.

IV.2.1.2

—

The True Saharo-Arabian Flora. —The flora truly considered to be

Saharo-Arabian and therefore of northern origin, could only have evolved fol-

lowing the estabhshment of dry phases forming true deserts. It does not seem
possible, as I discussed earHer, to place the start of this phenomen in North

Africa before the Pliocene, but its extension into the Sahara was certainly con-

comitant with the glacial phases, especially the appearance of interpluvial phases,

of which the present one appears to be the most intense (Quezel, 1958). The
Saharo-Arabian taxa belonging to the Mesogean flora are numerous. This is the

situation particularly for those that belong to the Crucifereae, Caryophyllaceae,

Resedaceae, Boraginaceae, Leguminosae (p.p.), Tamaricaceae, and Umbelliferae

but also to the Zygophyllaceae, and to a part of the Leguminosae, as well as the

Gramineae. The existence of a certain number of taxa common to the African

desert and the American desert: Fagonia, ZijgophijUum^ Fninkenia, Oligomeris

(Raven, 1973), likewise points in favor of a more precocious differentiation of

certain taxa. It is always difficult to set a limit between the Saharo-Arabian ele-

ments and those which belong for the most part to the "Rand Flora," and whose

origin is African (cf. below). Endemism is quite important in this flora and the

relative antiquity of its establishment in the Sahara is confirmed.

IV.2.1.3

—

The Irano-Turanian Flora. —This flora enjoys only a minor role

in North Africa. It characterizes the steppes and continental deserts with hot

summers and very cold winters, climatic characteristics very close to those pro-

posed by Adam (1969) to characterize the end of the glacial phases of the Qua-

ternary. It is in fact very probable that this type of climate has been able to

persist elsewhere on mountain massifs, even during the course of the interglacial

periods, and which has conditioned the appearance of this flora from pre-

existing taxa, especially the Salsolaceae, Leguminosae {Adragahis), and Com-
positae (Artemisia), The Ephedraeeae have also benefitt(^d much from this

type of climate.

If it is presently in eastern and central Asia that the Irano-Turanian flora

reaches its optimal development, it is appropriate to remember that in the present

Mediterranean region the retreat of the glaciers has, in a way, brought about

an almost constant expansion of a pollen flora of this type* during several thousand

years, based particularly on Salsolaceae, Ephedraeeae and Artemisia (Reille,

1975; de Beaulieu, 1977), which also appeared on the Atlas Mountains (Reille,

1976) and which is difficult not to associate with a climatic type of the present

Irano-Turanian type. Some quite similar climatic conditions persist in North

Africa on the high mountains and plateaus, which have likewise permitted, even
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to our day, the maintenance of a certain number of its representatives. Endemism

has been much reduced here, and this testifies to the recent development of this

flora, whose different elements could nevertheless have persisted since the initia-

tion of the glacial phases on tlie high mountains (Atlas Mountains), where sev-

eral endemics {Artemisia, spiny Astragalus) have evolved,

1V.2.L4

—

African Elements in the Mesogean Flora, —The Mediterranean flora

of North Africa appears at first glance to have only remote connections witl) the

flora of African origin which, however, had occupied these territories in the

Paleogene, and even during a part of the Neogene. In fact, a closer examination

shows that tliis interpretation deserves to be modified slightly.

In effect, if one makes an exception of the recent immigrants cited above—
these doubtlessly participating accidentally, especially in the case of hygr()phik)us

or anthropophilous species —it is possible to associate a certain number of groups

of species now present in North Africa with the African flora.

The first is that of species present at the same time in the savannas of Airica,

certain mountains of the Sahara, and the Mediterranean region (at least in part).

Tliis is the case particularly for the Gramineae, especially the Andropogoneae

noted earlier, which as a group have not changed from a taxonomic view over

their entire area of distribution. For this reason I do not tliink that their oc-

currence* in the Mediterranean rc^gion or in the Sahara is ancient; this certainly

happened during the Quaternary pluvial phases, which permitted an intermesh-

ingof Mediterranean and tropical assemblages in different spots. These exchanges

have been brought about on several occasions during the course of the Pleistocene,

but the thermal demands, relatively large for these species, permitted them to

become established and to persist in the Mediterranean region, where they are,

however, confined to tlie warmest zones (Thermo-Mediterranean Stage; Ozenda,

1975; Quczel, 1976). On the contrary, the Sahelian species characteristic of

the '^Desert Savanna," e.g., Acacia panicum (Maire, 1940; Quezel, 1965) from

all evidence penetrated into the Sahara only at the end of the last pluvial stage

(doubtlessly after several other phases of extension) but did not reach the Medi-

terranean regions because of their thermal demands.

A second interpretation is precisely that of the ''Rand Flora." This ancient

cremic African flora, perhaps earlier than the Oligocene, is difficult to assess,

especially because of the exchanges which could have occurred across Africa,

notably in the Pliocene, with the Saharo-Arabian flora. We have already sup-

plied a possible list above, but it is necessary to recall that a part of the true

Macaroncsian flora could have been r(^lated to it, especially the crassulesccnt

or succulent elements (Fig. 7).

In fact, a large numl^er of Saharan genera have a north-south tropical dis-

tribution in Africa, and it is possible tliat new research will again expand this

list. H(^re may be noted again the genus PituraniJios which has 2 species in

Namac^ualand, as well as JAjgoplujllum, Mesemhnjanlhemum, TriJmlus, Cleome,

and Suaeda.

The presence in the American desert of elements usually cotmected to this

flora should be noted and certainly \^erilies the antiquity of its establishment.

p
-
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Examples are Oligomeris, Talimim, Triaiithema, and also perhaps Fagonia,

Bocrhavia, and Cleome.

A third group is made up of species whose present distribution is indisputably

Mediterranean, Imt which belong to essentially tropical genera. Raven (1973)

believes and emphasizes, rightly so, that these taxa are not extant in America,

and that their evolution and the nn'gration into the Mediterranean region must

therefore have taken place after the separation of these continents. It would

not have been prior to the Miocene. It also is highly probable that a certain

number of representatives of the vegetation of African origin which had de-

veloped before the effacement of the Tethys, particularly in North Africa, could

have lived there or formed types adapted to the new climatic conditions. Such

seems particularly to be the case for the genera Oka, Ccratonia, Tetraclinis,

Chamaerops, Latirus, Mijrtus, Ficus, Maylcnus, and Capparis.

In fact, there was also the possibility of exchange between the Cape and

Mediterranean regions. Burtt (1971) supplies several examples of this, and even if

certain ones can be interpreted as anthropozoogenic, it is clear that the present

distribution of the genera Erica (Fig. 8), Lotononis, IlcUchrysum, and Pentzia,

as well as the section Uastati of the genus Rumex (Meusel, 1971) cannot be in-

terpreted differently. The existence of genera from all evidence vicariants again

confirms this, together with the antiquity of the separation. This is the case

for the genera EcJdum, Thymehea, Iris, Mercuriali.s, and Buxus, represented in

South Africa by the genera Echiostachy.s, Passerina, Moraea, Seidelia, and Noto-

hiixus. Among the Fumariaceae the affinities between the genera Riipicapnos

and Trigonocapnos, Plafycapnos and Discocapnos, Sarcucapnos and Cysticapnos

should be noted.

IV. 2.2

—

Northern Elements

I include in this term the floristic elements of European, Eurasian paleo-

temperate, or circumborcal origin.

In fact, it appears that originally the majority of these were not separate from

certain constituents of the true Mesogean flora, and I have discussed this pre-

viously. It is evident that the climatic fluctuations experienced since the Pliocene

have greatly modified the representation of species belonging to this biogeograph-

ical type. The dry Pliocene phases in part weakened it, and the same thing

happened during the glacial periods, at least for the types most sensitive to cold

and dryness. On the other hand, the glaciations in North Africa permitted the

appearance of a number of circumborcal or new alpine elements, especially on

the Atlas Mountains, via the Iberian Peninsula
(

Quezel, 1957) . A migration by the

Sicilian-Tunisian bridge was equally possible and would explain the presence

in the northeastern Maghreb of a certain number of taxa of European origin.

Several hneages which are doubtlessly related to these elements have even

reached the mountains of the Tibesti, but here it is a question of hygrophilic or

indeed clearly helicphiUc species or truly xerophilic species (cf. above). In

my opinion their appearance on this massif could not have been prior to the

Pleistocene, at least based on our present state of knowledge.
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IV.2.3

—

Tropical Elements

Autochthonous in North Africa and in the Sahara after the Palcoccne, indeed

after the Cretaceous, they have been progressively eliminated from them by the

eliiiiatic transformations whicli came about after the end of the Miocene, as well

as by the glacial episodes of the Pleistocene which assured the quasi-defintive

destruction of them. In fact, as mentioned above, the tropical elements still

play an obvious role in the flora known as "Mesogean" and I will not return

to tliis matter.

It is still necessary to consider here the question of the survival, essentially

on the Saharan mountains, but also on the maritime fringes of the Saliara —indeed

of Mediterranean Morocco —of an important group of tropical el(Mnents, for the

most part with montane affinities, which pose the problem of the persistence

"in situ" of certain elements belonging to this biogeographical type.

Tlw Moroccan Coast, —It has already been discussed with respect to the

Macaronesian element and a ixirt of this element is very near, if not the same, as

the '*Rand Flora." However, this position should not be generalized; some
Moroccan endemics of tropical origin are probably better considered to be dif-

ferentiated vestiges, 'In situ" doubtlessly since the Pleistocene. The most re-

markable case is certainly that of Acacia gummifera, sole representative of the

genus adapted to the Mediterranean climate. Andrachne and Commclina rupicola

could also be cited.

The Red Sea Coast. —I have already discussed this and it will suffice to stress

the presence here of an appreciable number of taxa of African montane affinity,

but which do not appear to be cases of endemism. This phenomenon is without

doubt connected with the fact that these populations are always in contact,

through the Sudanese coastal mountain chains, particularly the Erkowit Moun-
tains, with the flora of the Ethiopian plateaus. One can also envision a recent

establishment, which is in fact in contradiction with the paleoclimatic data.

The Mountains of the Central Middle Sahara. —The thorough exploration

of Iloggar (Maire, 1940; Quezel, 1954), of Tibesti (Maire & Monod, 1950; Quezel,

1954), of Air (Bruneau de Mire & Gillet, 1956), of Ennedi (Carvalho & Gillet,

1960), of Jebel Gourgeil (Quezel, 1969), of Jebel Marra (Wickens, 1977), has

brought to light a whole flora of African origin which appears to represent well

the traces of the flora which colonized these massifs before the appearance of

the severe desert formations which characterize the southern Sahara today.

If this flora is still incompletely known, and certain taxononn'c revisions

appear desirable, it is nevertheless possible to discern there at least their groups:

a montane African group, an autochthonous montane group, and a group of oro-

Afriean origin.

I shall not review here the list of species which are associated witli them,

the affinities which may relate certain taxa to the "Rand Flora." I sliall note,

however, that Tiheslina lanuginosa, described by Maire as endemic to Tibesti,

corresponds in fact (Scholz, 1966) to Dicoma capensis of southern Africa and
Eleocharis tihestica (Quezel, 1959) to E, intricata of Madagascar and southern

Africa.
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On the other hand, from the point of view of categorizing taxa, it appears

possible to associate the first two of these groups, more or less directly to the

''montane rain forest" (sensu Greenway, 1970), whose appearance on the moun-

tains of the Sahara, can be traced back to the Paleocene; according to Green-

way, however, its extension on the other African massifs dates more from the

Miocene.

Although that is possible, one cannot pin down the position of this flora to

this period; migrations have actually been possible during the pluvial phases

of tlie Pleistocene, a period which really appears to correspond with the differen-

tiation and development of the oro-African flora.

In fact, one can question whether the montane axes of Africa (cf. Fig. 11)

have not constituted a route of temporary nu'gration for the various African

floras. The results published by Sah (1987) for pollen derived from the region

of Lake Kivu and doubtlessly dating from the end of the Pliocene seems to con-

firm this, since many tropical families still present in part on the Jebel Marra,

and indeed Tibesti, appear there, as well as families with more temperate af-

finities (Cruciferae, Buxaceae, Ericaceae, Geraniaceae). It is certainly via this

route that the majority of exchanges between the African highland flora —and

indeed the Cape flora —and the flora of the present Mediterranean region have

been brought about. The "Rand Flora," as well as die present Macaronesian flora

to which it is related, without a doubt benefitted e(|ually from this migration

route, which finally was only closed periodically during the Pleistocene especially

during the interpluvial phases.

V. Conclusions

Mediteri draw

a certain number of conclusions, particularly if one attempts at the same time

to interpret the origin of the phytogeographic elements that exist there.

I have stressed above the principal differences which can be observed be-

tween the Mediterranean and the Saharan floras in terms of representation and

number of genera, percentage of endemics, or as a function of the present dis-

tribution of geographical types; I will not return to this.

It is, on the other hand, interesting to emphasize that the general effect of

the flora points to a relatively recent origin since the original stocks did not dif-

ferentiate, primarily "in situ" but well to the south of the northern side of the

Tethys. The appearance of the Mesogean flora in Africa seems, on the whole,

to have been contemporary with the upper Miocene.

From the viewpoint of climate, the replacement of a climate of a truly

equatorial or tropical type by a more variable regime having dry periods seems to

date essentially from the PHocene, at knist in the true Saharan region; more to the

north, relatively dry periods apj)ear to have already existed in the Miocene.

In fact, it is becoming clearer that the Mesogean flora ought to be considered

as a flora of discrete additions provided at the same time from Eurasian and trop-

ical elements, which evolved in and migrated from very distinct climatical and

geomorphological environments, and which have been disclosed as being emi-
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nently favorable in every way to the phenomenon of speciation. It is probable

that the climatie instability already evident in the Miocene and especially in

the Pliocene, and exacerbated during the Pleistocene, has been a deternn'ning

factor in the appearance of numerous species. This phenomenon has again been

favored by orogenic phases which followed upon each other during the second

part of the Tertiary in this entire region.

On the contrary, the differentiation of the Mediterranean, Saharan, and

Irano-Turanian biocliniatic entities seems to be directly associated with great

climatic iluctuations in the Pleistocene which finally, and doubtlessly with

several lulls, redistributed in the area a relatively homogenous floristic base,

at least as to its origin.

The tropical element, a part of which has participated in the formation of

the floristic base of the Mesogean since its inception, has always been largely

eliminated from Mediterranean Africa for essentially climatie reasons; these

have always partly continued to exist in the Macaroncsian zone, even though

they have been decimated by the desertification of the mountains in the present

southern Sahara. Certain elements, especially adapted elements such as the

Sahelian flora and tlie eremic African flora, have continued to enjoy an appreci-

able role in portions of the Sahara that continue to benefit periodically from

rains of the tropical front.

All these conditions have been favorable, theoretically at least, to the de-

velopment of a rich and diversified flora; the number of endemics of the

African Mediterranean zone (a little less than 30%) really shows this. In the

Sahara the climatic rigor and also an excessive climatie instability during the

Pleistocene have limited this phenomenon (about 127^). It is also certain that

it is the therophytes which have most broadly benefitted from this climatic con-

text, since they represent about 50% of the Mediterranean flora in North Alrica

and also of the Saharan ilora. These high percentages have only been surpassed

by those which appear in the area of the northern Sahelian flora where they

reach almost 70% (Quezel, unpublished). It is, moreover, among the therophytes

that endemism is equally high. This phenomenon is above all evident in the

typically Mediterranean families: Caryophyllaeeae (lu^arly 60% of the annual

species are endemic), Cruciferae (more than 70% of the species and 11 genera

are endemic), Resedaceae, Umbelliferae, and Scrophulariaceae.

It is also interesting to note in the matter of endemics that in the Mediter-

ranean region, North Africa has especially benefitted from the functioning of

the Ibero-Mauritanian zone, or better, Ibero-Moroccan, through which more than

500 of the endemic species presently recorded hi North Africa were formed.

This figure is doubled if one adds to these the Ibero-Mauritanian species. On the

other hand, west-central Algeria and Tunisia liave only a very intermediate per-

centage of endemism, at least at the circum-Mediterranean level; the case of

Cyrenia is not very different, although this region has profitted more from en-

demics of Mideastern origin.

In the Sahara, apart from the endemics of the northwestern Sahara which
reveal at least in part an Ibero-Moroccan influence, and some highly residual

spt^cies, the endemic species are generally much more widely distributed, doubt-
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lessly because" of the climatic and gconiorphological homogeneity (at least in

tlie northern part of the Sahara for the latter). Besides endemism, and perhaps

more remarkable, is the existence here of residual and biogeographically very

diversified floras. This i^henomenon, although largely masked today by extreme

aridity little compatible with the development of plant life, reflects in fact the

constant climatic disturbances that have assailed this region since the end of the

Tertiary and which, witli several lulls, liave been able to modify the plant life

totally.

In place of the idea of a ''Saharan barrier/' a myth which has persisted

tenaciously in the thinking of a great number of phytogeographers up to recent

times, it is appropriate to substitute the idea of a space periodically and transi-

torially desert. This Saliara, in the Neogene and at different times in the Pleisto-

cene, has, locally at least, functioned as a favored place of exchanges between

tlie African and Mesogean floras. But it still remains at the present time, and in

spite of a climate particularly unfavorable throughout its entirety, a veritable

conservatory for certain taxa which have followed each other since the end

of the Miocene.
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